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Introduction
Cholera is a new and reemerging public health concern in many parts of the world. The appearance of epidemic cholera in Latin America and the emergence in Asia of disease caused by the newly identified strain Vibrio cholerae 0139 indicate that cholera will remain a challenge for years to come. Meeting this challenge with effective cholera prevention and control measures will require application of reliable microbiological techniques.This manual summarizes laboratory techniques used in the diagnosis of cholera; it will provide a reference for laboratory personnel who establish diagnostic or surveillance techniques for Vibrio cholerae. The procedures described are not new; most have been used for a number of years. Even though they require a spectrum of laboratory capabilities, these procedures were se­lected because of their utility, ease of performance, and ability to give reproducible results. The diversity of laboratory facilities and the availability of materials and supplies were also taken into account. Experimental or research-oriented methods were intentionally not included.
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Authors’ Note
Toxigenic V. cholerae 0139,
A Newly Recognized Cause of Cholera
Before 1992, of the more than 130 serogroups of Vibrio cholerae that have been reported, only the 01 serogroup was associated with epidemic and pandemic cholera. Members of the so-called “non-01” serogroups had been associated only with extraintestinal infections and with sporadic cases and occasional limited outbreaks of diarrhea and were not consid­ered to be of major public health importance.This is the situation described in the text of this manual. In late 1992 and early 1993, after the text of this manual was complete, large out­breaks of cholera due to non-Ol V. cholerae were first reported in India and Bangladesh. The agent responsible for these outbreaks was identified as a strain of V. cholerae belonging to a newly described serogroup, 0139. This strain produced cholera toxin but not the heat-stable enterotoxin sometimes associated with non-01 V. cholerae strains. Most of the 0139 isolates were reported to be resistant to trimethoprim-sulfamethoxazole, streptomycin, furazolidone, and the vibriostatic agent 0/129.As of this writing, the epidemiologic characteristics of the 0139 serogroup appear to be similar to those of the 01 serogroup. The impor­tance of the 0139 serogroup and its relationship to the 01 serogroup have not yet been determined and will undoubtedly be elaborated within the coming years. The cultural and biochemical characteristics of the 0139 se­rogroup are identical to those of V. cholerae 01, as well as to those of all other serogroups of V. cholerae. Accordingly, until specific information is available, the isolation and biochemical identification procedures in this manual for the 01 serogroup should apply as well to the 0139 serogroup, except that 0139 antiserum is required for identification. Biotyping tests for V. cholerae 01 are not valid for V. cholerae 0139 or any non-01 sero­group isolates. Specific 0139 antiserum is being produced and is likely to be available commercially. Throughout this manual, the use of the term “non-Ol” should be understood to refer to all serogroups other than 01, except for the recently described 0139 serogroup.The circumstances under which laboratory diagnosis of cholera is most helpful and the recommendations for when stool cultures should be ob­tained are not changed by the appearance of this new serogroup of V. chol­erae. However, it makes the public health evaluation of non-01 V. cholerae isolates more complex. Because non-01 strains (other than 0139) are common in many parts of the world, the approach to this evalu­ation depends on the frequency with which one expects to find 0139 strains. This means that the best approach varies with the setting and will change if this strain persists and becomes more widespread. We rec­ommend the following:
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Author’s Note—Toxigenic Vibrio cholerae 0139
In areas not known to have V. cholerae  0139 infections
Sporadic isolates of non-01 V. cholerae need not be characterized further for public health purposes unless an epidemiologic link exists with a part of the world known to be affected by 0139 (at this writing, India and Bangladesh) or the disease is typical of severe cholera, with life-threatening dehydration. When further characterization is indicated, it should include agglutination in 0139 antiserum and testing for production of cholera toxin.
Isolates of non-01 V. cholerae from outbreaks (i.e., more than one linked case) of cholera-like illness should be tested for agglutination in 0139 antiserum and for production of cholera toxin. Strains that produce cholera toxin but are not of serogroup 01 or 0139 should be sent to a reference laboratory for determination of the serogroup.
In areas known to have V. cholerae  0139 infections
Sporadic isolates of non-01 V. cholerae should be tested for agglutination in 0139 antiserum.
Isolates of non-01 V. cholerae from outbreaks of cholera-like illness should be tested for agglutination in 0139 antiserum. If the isolates are not of serogroup 0139, they should be tested for production of cholera toxin. Strains that produce cholera toxin but are not of serogroup 01 or 0139 should be sent to a reference laboratory for determination of the serogroup.
We also recommend that infection with toxigenic V. cholerae 0139 should be handled and reported in the same manner as that caused by toxigenic V. cholerae 01. The associated diarrheal illness should be called cholera and should be reported as a case of cholera to the appropriate public health authorities.
References1. Albert MJ, Siddique AK, Islam MS, et al. Large outbreak of clinical cholera due to Vibrio cholerae non-01 in Bangladesh. Lancet 1993;341:704.2. Bhattacharya MK, Bhattacharya SK, Garg S, et al. Outbreak of Vibrio chol­erae non-01 in India and Bangladesh. Lancet 1993;341:1346-7.3. Ramamurthy T, Garg S, Sharma R, et al. Emergence of a novel strain of V7- brio cholerae with epidemic potential in southern and eastern India. Lancet 1993;341:703-4.4. Shimada T, Nair GB, Deb BC, Albert MJ, Sack RB, Takeda Y. Outbreak of Vibrio cholerae non-01 in India and Bangladesh. Lancet 1993;341:1347.
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I. Etiology and Epidemiology of Cholera
Epidemic cholera is caused by the 01 serogroup of Vibrio cholerae.This serogroup is one of over 130 V. cholerae serogroups that have been identified but is the only one associated with epidemic or pandemic chol­era. Because the pathogenic potential of V. cholerae isolates varies consid­erably, the laboratory and epidemiologic distinctions between 01 and non-01 V. cholerae isolates are of paramount importance. Isolates of non- 01 V. cholerae can cause illness because they can possess a variety of viru­lence factors, including production of cholera toxin (CT). However, they do not pose the public health threat of the 01 serogroup. Non-01 V.cholerae isolates should be reported in a way that avoids confusion with organisms of the 01 serogroup. (See Authors’ Note for a discussion of V. cholerae 0139.)Within the 01 serogroup, the ability to produce CT is a major determi­nant of virulence. In general, the isolates of V. cholerae of the 01 sero­group that produce CT are considered fully virulent and fully capable of causing epidemic cholera (Figure 1-1). Most V. cholerae isolated during cholera outbreaks will be toxigenic serogroup 01. However, some isolates of V. cholerae 01 do not produce CT and cannot cause epidemic cholera. When these isolates are encountered, they must be considered within their clinical and epidemiologic context. Like non-01 isolates, these iso­lates may be associated with sporadic diarrheal disease.Isolates of V. cholerae 01 can be divided into two biotypes, El Tor and classical, on the basis of several phenotypic characteristics (see Chapter VI, “Laboratory Identification of V. cholerae” for a discussion of biotyping methods). Cholera pandemics before 1960 were caused by V. cholerae 01
Figure 1-1. Of strains of V. cholerae, only toxigenic members of serogroup 01 have 
traditionally had epidemic potential and importance as agents of cholera.
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Etiology and Epidemiology of Cholera
belonging to the classical biotype. The pandemic which began in 1961 (known as the seventh pandemic) was associated with the El Tor biotype. Currently the El Tor biotype is responsible for virtually all of the cholera cases throughout the world, and classical isolates are not encountered out­side Bangladesh.
A. Historical Background—Pandemic CholeraCholera is thought to have its ancestral home in the Ganges Delta of the Indian subcontinent. In the nineteenth century, pandemic waves of cholera spread to many parts of the world from southern Asia along routes of trade, pilgrimage, and migration. Dining these pandemics, large urban epidemics with high mortality rates occurred throughout Europe and the Americas. By 1860, investigations by John Snow and others showed that water supplies contaminated with sewage were the principal route of transmission. As a result, well before the causative agent was identified, fear of recurrent epidemic cholera brought about the “sanitary reform” movement, which vastly improved water systems and methods of sewage disposal in the industrialized world.Because cholera was often introduced into an area from other affected areas by ship, surveillance and disease reporting became important. The threat of epidemic cholera led to routine disease notification, and public health departments were created to investigate suspect cases. By the 1880s, because of the efforts of public health agencies, epidemic spread was prevented when cholera patients from countries affected by the fifth pandemic (1881-1896) disembarked in North American ports. Since that time, safe drinking water and hygienic treatment of sewage have been credited with protecting many populations from epidemic cholera and other infectious diseases. By the middle of the twentieth century, cholera was restricted to a few countries in Asia.The relatively limited geographic range of cholera in the 1950s was greatly expanded in the beginning of the next decade. In 1961, a massive epidemic began in Southeast Asia. This epidemic is now recognized as the beginning of the seventh cholera pandemic. This pandemic was caused by the El Tor biotype of toxigenic V. cholerae 01. It spread rapidly through south Asia, the Middle East, and southeastern Europe, reaching Africa by 1970. Several outbreaks occurred in Europe as a result of contaminated shellfish beds or untreated water supplies. Until 1991, the Americas were relatively unaffected by the seventh pandemic (Figure 1-2), although a few imported cases occurred annually in many industrialized countries.In January 1991, epidemic cholera appeared in South America in sev­eral coastal cities of Peru and spread rapidly to adjoining countries. By the end of 1991, cholera had spread to 18 countries in Latin America, with over 391,000 cases and nearly 3900 deaths. By early 1993, it had spread to all but one Latin American country. There is no evidence that cholera will soon disappear from Latin America.
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□  Latin American Epidemic (1991 -1993)
<§> Documented Environmental Reservoirs 
(US. Gulf Coast and Northeast Australia)
Figure 1-2. Beginning in 1961, cholera spread rapidly from Indonesia in what is now 
known as the seventh cholera pandemic (green shading), and by the early 1970s had 
reached Africa and Europe. In January of 1991, it spread to the Western Hemisphere 
and was rapidly disseminated throughout Latin America (red shading). Environmental 
reservoirs of unrelated toxigenic organisms are located in northeast Australia and the 
U.S. Gulf Coast (blue circles). (Based on cases reported to the World Health Organi­
zation, excluding imported cases)
B. Environmental FociBecause cholera has historically appeared in epidemic waves, it was thought that no permanent natural reservoirs existed in most of the world. However, in recent years, foci of endemic toxigenic V. cholerae 01 in the environment have been identified. For example, cholera cases have repeatedly occurred among persons who drank water from remote Austra­lian rivers or ate undercooked crabs from waters of the U.S. Gulf Coast.In both locations, toxigenic V. cholerae 01 was isolated from surface waters where contamination with human sewage was unlikely. This indi­cates that at least some strains of toxigenic V. cholerae Ol can persist in the natural environment for many years.
C. Clinical ManifestationsCholera is a secretory diarrheal disease. The enterotoxin produced by V. cholerae 01 causes a massive outpouring of fluid and electrolytes into the bowel. This rapidly leads to profuse watery diarrhea, loss of circulating blood volume, metabolic acidosis, potassium depletion, and ultimately vascular collapse and death. In severe cases, purging diarrhea can rapidly cause the loss of 10% or more of the body’s weight, with attendant hypovolemic shock and death; however, 75% or more of initial infections
3
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with V. cholerae 01 biotype El Tor may be asymptomatic, depending on the infecting dose. Of the 25% of persons with symptomatic infections, most have mild illness. Approximately 5% of patients have moderate ill­ness that requires medical attention but not hospitalization. In only about 2% of patients does the illness progress to life-threatening “cholera gravis” (Figure 1-3). Persons with blood type O are more likely to develop severe cholera than those with other blood types. Because blood type O is more common in Latin America than elsewhere in the world, a greater proportion of cholera infections in this area are likely to be severe.
D. TreatmentSuccessful treatment of cholera patients depends on rapid replace­ment of fluid and electrolyte losses. Before the discovery of rehydration therapy, 30% to 50% of patients with severe “cholera gravis” died. Now, with proper treatment, mortality is less than 1% of reported cases. Fluids and electrolytes can be replaced rapidly through either oral or intrave­nous routes. The oral route is possible because epithelial cells of the bowel absorb fluid and electrolytes when presented with glucose or other carbohydrates, even in the face of active secretion. The optimum mix of electrolytes and glucose for oral treatment of cholera and other secretory diarrheas is used in World Health Organization-approved Oral Rehydra­tion Salts (ORS) solution. Most cholera patients can be treated with ORS solution alone, and even those who require initial intravenous therapy can soon be switched to ORS solution alone. Intravenous therapy is re­quired for patients who are in profound shock or cannot drink. In such
75% Asymptomatic infection
2% Severe illness (hospitalized) 
5% Moderate illness (outpatient)
18% Mild illness Severe illness associated with:
•  High dose exposure•  Low gastric acidity•  Blood group O
Figure 1-3. Most naturally occurring infections with epidemic strains of V. cholerae 
are asymptomatic. Only a small proportion of cases require treatment or are life- 
threatening. Inoculum dosage and host factors play important roles in the develop­
ment of disease.
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cases, Ringer’s lactate solution is recommended for initial intravenous re­hydration. Acute volume replacement is also possible with normal or half normal saline, if combined with ORS therapy. Five percent dextrose solu­tion is ineffective and should not be used because it contains no electrolytes.Antimicrobial therapy is helpful, although not essential, in treating cholera patients. Antimicrobial agents reduce the duration of illness, the volume of stool, and the duration of shedding of vibrios in the feces.Antimicrobial therapy is sometimes recommended for close contacts of cholera patients. However, prophylactic antimicrobial therapy is not. rec­ommended for entire communities because it has proved ineffective, di­verts scarce resources, and hastens the appearance of antimicrobial resistance in V. cholerae 01. Antimicrobial agents recommended by the World Health Organization for treating cholera patients include tetracy­cline, doxycycline, furazolidone, trimethoprim-sulfamethoxazole, erythro­mycin, or chloramphenicol. Recent data suggest that fluoroquinolones (e.g., ciprofloxacin and norfloxacin) are also effective. Because antimicro­bial resistance has been a growing problem in some parts of the world, the susceptibility of V. cholerae 01 strains to antimicrobial agents should be monitored periodically.
E. EpidemiologyWhen cholera first appears in epidemic form in an unexposed popula­tion, it can affect all age groups. In contrast, in areas with high rates of endemic disease, such as Bangladesh, most of the adult population have gained some degree of natural immunity because of illness or repeated as­ymptomatic infections. In this setting, the disease occurs primarily in young children, who are exposed to the organism for the first time, and in the elderly, who have lower gastric acid production and waning immu­nity. Epidemics typically occur in late summer and fall. The poor are at greatest risk because they often lack safe water supplies, have poor hy­giene within the home, and may depend on street vendors or other poorly regulated sources for food and drink.Numerous investigations have linked cholera transmission to drinking water drawn from shallow wells, rivers, or streams, and, in one instance, to commercially bottled spring water. Ice made from contaminated water has also been implicated. In some cities of the developing world, large mu­nicipal water systems distribute unfiltered and unchlorinated water through leaky pipes at low pressure. In some areas, people dig down to the water main and puncture it to get water to drink. The hole in the pipe may be plugged with a rag or by another ineffective method. If the pres­sure drops within the pipe, it can cause back-siphonage and resultant con­tamination. Similarly, many home water storage containers allow contamination to occur. Introducting safer water storage containers in the home and improving the integrity of municipal water systems have become priorities in many areas now affected by epidemic cholera.
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Food is the other important means of cholera transmission. Seafoods have repeatedly been a source of cholera, particularly raw or undercooked shellfish harvested from sewage-contaminated beds or from environments where V. choleras 01 occurs naturally. Crab, shrimp, oysters, clams, and dried fish have all been implicated in foodborne outbreaks. Although V. choleras 01 is easily killed by drying, sunlight, and acidity, it grows well on a variety of moist foods from which other competing organisms have been eliminated by previous cooking. Cooked rice is an excellent growth medium, as are lentils, millet, and other moist foods with neutral pH. In one investigation in Africa, leftover rice served with an alkaline peanut sauce transmitted cholera. The same rice served with acidic tomato sauce was not a vehicle for spread of infection. Fruits and vegetables grown in sewage and eaten without cooking or other decontaminating procedures are probably vehicles of cholera transmission. Freezing food or drink does not prevent cholera transmission; outbreaks in 1991 were traced to ice made from contaminated water, salad made with frozen crab, and frozen coconut milk used as a dessert topping.Person-to-person spread through direct contact, as by shaking hands or touching or by taking care of a patient, has not been shown to occur. Outbreaks on crowded hospital wards are likely to be due to contami­nated food or water. Likewise, outbreaks following the funeral of a chol­era patient appear to be caused by eating contaminated foods served at the wake, often prepared by the same persons that prepared the body for burial.
F. SurveillanceCholera surveillance starts with clinicians and microbiologists who are alert to the possibility of cholera and obtain appropriate cultures for con­firmation when suspect illness occurs. Initial suspected cases should be reported immediately to local, state, or regional health departments. Iso­lates that appear to be V. choleras should immediately be submitted to a reference laboratory for identification and confirmation. All V. choleras isolates should be tested to determine if they are of the 01 serogroup. Iso­lates ofV. choleras 01 associated with sporadically occurring infections and a sample of those identified in an epidemic should be tested for chol­era toxin production. Isolates of V. choleras 01 from persons with severe watery diarrhea require prompt notification of the appropriate public health authorities, even before toxin testing is confirmed, so that the source of infection can be investigated and appropriate control measures can begin.
G. Cholera VaccineA parenteral cholera vaccine has been available for a number of years. It is a relatively ineffective injectable preparation of killed bacterial cells. This vaccine decreases the risk of clinical cholera in the recipient by only
6 \
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50%, and the duration of protection is limited to 3 to 6 months. Moreover, the vaccine does not seem to decrease the severity of disease in persons who contract cholera after vaccination. This vaccine does not prevent asymptomatic infection, nor does it prevent infection in persons in close contact with cholera patients. Mass immunization with this cholera vac­cine has not proved helpful in the control of epidemic cholera. The vaccine is not recommended for public health use or for travelers to areas with en­demic cholera. Proof of vaccination is currently not officially required by any country. Immunization with an ineffective vaccine creates a false sense of security which may interfere with the consideration of more effec­tive prevention measures.Although the existing cholera vaccine has no practical value, several promising experimental vaccines are being developed. Included in these are two oral formulations: a killed whole-cell vaccine containing the B subunit of cholera toxin, and a live attenuated vaccine. A cholera vaccine that could induce sustained protection against serious illness and, ideally, against asymptomatic infection may have important public health value.
H. Prevention StrategiesEfforts to control epidemics usually occur in several stages. Immedi­ate, short term, emergency control measures include 1) improving the capacity to diagnose, treat and monitor the spread of epidemic cholera;2) educating the public in simple prevention measures, such as boiling or treating drinking water and avoiding high-risk foods; and 3) epidemiologic investigation to identify specific control measures. Intermediate control measures to be implemented over several months or years include a vari­ety of sustainable and relatively inexpensive interventions, such as intro­ducing safer methods for water storage in the home, using economical and practical methods for local disinfection of water, and providing a safer food supply, including improving the safety of foods and beverages sold by street vendors. Epidemic cholera is likely to persist until long­term sanitary reform measures occur in affected areas. These measures include maintaining and upgrading safe water supplies and distribution systems, constructing effective sewage treatment plants, and providing an effective public health infrastructure to guide the transition to an envi­ronment free from the risk of cholera.
References1. CDC. Update: cholera—Western Hemisphere, 1992. MMWR 1993;42:89-91.2. Global Task Force on Cholera Control. Guidelines for cholera control. Ge­neva: World Health Organization; 1992. publication no. WHO/CDD/SER/80.4 Rev 4.3. Pollitzer R. Cholera. Geneva: World Health Organization; 1959.
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II. The Role of the Public Health Laboratory
A. General ConsiderationsAn understanding of the use of laboratory results is essential in guid­ing the selection of any laboratory tests. This is particularly important with cholera because in areas where the disease is endemic, cholera may be diagnosed with acceptable accuracy on the basis of clinical symptoms alone. Likewise, cholera may be effectively treated without laboratory con­firmation of the etiologic agent. However, early in an outbreak, laboratory confirmation of the etiologic agent is required because other secretory diarrheal illnesses, such as those caused by toxigenic Escherichia coli or rotavirus, can mimic cholera. Moreover, because most infections (approxi­mately 75%) with V. cholerae 01 are asymptomatic, and cholera gravis (life-threatening dehydration) develops in only about 2% of cholera pa­tients, the diagnosis of cholera may be missed if it is based solely on symp­toms, particularly in the early stages of an outbreak or where few cases occur.During a cholera outbreak, laboratory efforts should be directed to­ward resolving critical public health issues rather than toward processing a large number of clinical specimens that yield little new information. Laboratory priorities change during the course of a cholera epidemic. In the beginning of an outbreak, confirmation of the etiologic agent is re­quired for suspected cases. Once a cholera epidemic has been established, confirming each clinically diagnosed case is less important, and labora­tory efforts should shift to investigating the extent of the epidemic, the source of infection, and the development of antimicrobial resistance. After the epidemic wanes, laboratory confirmation of suspect cases is important for defining the end of the epidemic and guiding public health decisions.
B. When a Threat of Epidemic Cholera is RecognizedIn a region threatened by epidemic cholera, the public health labora­tory plays a central role in detecting its introduction. Early detection of cholera cases facilitates the selection of appropriate control activities. Laboratory-based surveillance is performed using several types of samples:
1. Clinical samples from “cholera-like illness” at sentinel clinics
or hospitals in the absence of a cholera outbreakRegular sampling of specimens from highly suspect cases can be done periodically, depending on laboratory resources and availability of clinical sites. The definition of suspect cases to be examined for V. cholerae should be agreed upon in advance. A patient presenting with severe watery diarrhea and dehydration requiring intravenous therapy should be suspected of having cholera and should be a candidate for surveillance culture. Available resources and the frequency of suspect cases should be
9
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taken into account in performing cultures. Arrangements can be made to collect rectal swabs from all patients with cholera-like illness at several clinical sites, or to sample a subgroup of patients, such as all those with acute diarrhea seen on a particular day of the week or a specific number of patients per month. It is important to plan for an appropriate way of transporting specimens to the laboratory. Examining a limited number of carefully selected specimens is more effective than examining a large number of poorly chosen specimens that may have been improperly handled.
2. Confirmation of cases in the early stages of an outbreak of
“cholera-like illness”Cultures and serologic tests may be done on specimens from household contacts of initial case-patients, and heightened surveillance should be considered for a limited time in the area where an initial case has been confirmed. Such efforts can rapidly determine if the first case was an iso­lated event or the beginning of an outbreak.
3. Surveillance of sewage collection pointsThe Moore swab (see Chapter V, “Examination of Environmental Sam­ples”) is a simple, reliable, and sensitive method to identify infected indi­viduals in the population served by a sewage collection system. Repeated sampling at central points at 1- to 2-week intervals can efficiently iden­tify infections, symptomatic or asymptomatic, in the area. However, dur­ing an epidemic, when swabs are routinely positive, continued sampling offers little additional information and can be discontinued.
4. Laboratory confirmation of V. cholerae isolatesIf a specimen in the pre-epidemic phase yields V. cholerae 01, the iso­late should be sent to a reference laboratory for confirmation and charac­terization. Confirmation of the 01 antigen, the serotype, and the production of cholera toxin is critical for confirming the presence of chol­era in the area. A limited number of isolates should be biochemically iden­tified, biotyped, and tested for antimicrobial resistance. Further characterization of isolates, such as molecular subtyping, may help deter­mine the origin of the isolate.
C. During a Cholera OutbreakOnce cholera cases have been confirmed in an area and ongoing trans­mission is documented either through clinical or environmental surveil­lance, laboratory efforts aimed at detecting V. cholerae 01 infections should be significantly reduced. Not all suspect cases need confirmation, and those that are confirmed do not require extensive characterization. Because the epidemic strain is far more common than nontoxigenic 01 strains, there is little value in testing all isolates for toxin production or
10
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for performing tests other than agglutination with 01 antiserum. In­stead, the resources of the public health laboratory should be used for the following:
1. Monitoring development of antimicrobial resistancePeriodic examination of a small number of isolates can detect emerg­ing antimicrobial resistance. Resistance may emerge locally; therefore, small periodic surveys throughout the affected area should be considered.
2. Special epidemiologic investigationsDining cholera epidemics, focused field investigations help determine sources of infection and routes of transmission and the rate of spread to family contacts.Case-control investigations are most precise if both patients and con­trols can be examined for current or recent infection. Current infection can be documented in patients by culturing specimens from them as they come for treatment. Also, in areas newly affected by an epidemic, serum samples from healthy controls can be analyzed for vibriocidal antibody tit­ers, since potential controls with elevated vibriocidal antibodies indicat­ing recent infection may be excluded from analysis.Surveys in the households of case-patients can determine if intrafamilial transmission is occurring and interventions, such as house­hold education or household chemoprophylaxis, are warranted.
3. Defining the magnitude of the epidemic and improving the
interpretation of surveillance dataSerologic surveys conducted periodically during an epidemic can help determine the number of infections in the population and the proportion that are symptomatic. Results of cultures taken from a sequential series of 50 to 100 patients that meet the case definition used during an epi­demic can determine the predictive value of the definition. This will con­firm the accuracy of the case definition used for surveillance purposes. If, for example, 80% of patients who meet the case definition have culture- confirmed infection, the predictive value of the definition is high, and patients meeting these criteria may be presumed to have cholera in the absence of culture confirmation.
4. Measuring the impact of control measuresLaboratory surveillance data can determine the effectiveness of con­trol measures. If prevention measures are targeted at specific vehicles of transmission, laboratory tests which document the success or failure of current efforts to disinfect those vehicles can be used as indicators of the efficiency of specific control measures, rather than simply culturing vehi­cles for V. cholerae Ol. Evidence of adequate chlorination of water sup­plies and documented absence of fecal coliforms in water, foods, and
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beverages are more reassuring than the failure to detect V. cholerae 01 in samples of these items.
D. Defining the Duration of the EpidemicA substantial decrease in the number of clinically defined cholera cases in a population may represent a temporary seasonal decline, transi­tion to an endemic state, or complete disappearance of cholera from the population. Transmission may cease altogether in some regions, and per­sist at lower levels in others. Because epidemic cholera often decreases sharply in cooler seasons and returns the following summer, declarations that an area is cholera-free may be premature. At this point, targeted laboratory surveillance can help define the situation. As in the pre-epi­demic period, periodic sampling of persons with severe “cholera-like ill­ness” and of central sewage collection points can again be used with great sensitivity to determine the presence or absence of the epidemic strain. Not until 12 months have passed without evidence of V. cholerae 01 can an area be declared cholera-free with confidence. A report can state that no cases of cholera have been detected since a specific date without declar­ing that an area is cholera-free.
E. Special Problems
1. Retrospective diagnosis of a suspected outbreakIf a population is reached after a suspected cholera outbreak has sub­sided, serum samples may be collected for assay of vibriocidal antibody titers. Sera may be collected from a limited number of “typical” patients and healthy controls. Collecting control sera in the same village permits comparison of vibriocidal titers of the “ill” group and the “healthy” group. The choice of serologic assay depends on the timing of specimen collection (see Chapter VIII, “Detection of Patient Antibodies to V. cholerae 01 and Cholera Toxin”). Vibriocidal titers begin to rise several days after expo­sure, usually peaking by 10 to 21 days, begining to decline within 1 month, and returning to baseline levels after about 1 year. Anti-cholera toxin antibodies peak 21 to 28 days after exposure and remain elevated for more than a year after infection.
2. Environmental samplingMethods for sampling foods, water, and other environmental speci­mens for V. cholerae 01 are labor-intensive and relatively insensitive and can rapidly deplete laboratory resources without yielding clearly inter­pretable results. Culture-negative environmental samples may mean that the specimens were collected too late or were mishandled. If several differ­ent types of samples yield V. cholerae 01, it may not be clear whether the food or water caused the illness or were contaminated by the infected persons.
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In general, broad environmental surveys are not recommended. How­ever, if a specific vehicle of transmission has been identified epidemiologi- cally, targeted sampling of that suspected vehicle can yield useful information. Similarly, once control measures have been taken to reduce the contamination of the vehicle, microbiologic assessment can determine the success of the intervention.
F. SummaryIn summary, the public health laboratory can provide critical informa­tion in defining the beginning of a cholera epidemic, monitoring resis­tance and other changes in the epidemic strain, and defining the course of the epidemic. Collaborating with epidemiologists, the public health micro­biologist can support efforts to determine the sources of infection and measure the effectiveness of control measures. Many critical questions can be answered by careful use of laboratory resources. Clarifying the precise questions to be answered, and giving careful attention to sample selection, specimen transportation, and the efficient use of diagnostic tests can prevent depletion of laboratory resources by tests of question­able epidemiologic value.
ReferenceGlobal Task Force on Cholera Control. Guidelines for cholera control. Ge­neva: World Health Organization; 1992. publication no. WHO/CDD/SER/80.4 Rev 4.
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III. Collection and Transport of Patient Specimens
Inadequately or improperly collected or transported specimens can hamper the efforts of the laboratory to recover Vibrio cholerae 01. There­fore, it is crucial to any laboratory investigation to collect suitable specimens, use an appropriate transport medium for fecal specimens, and transport specimens to the laboratory in a timely manner (see Table III-l).
A. Collection of Specimens
1. Fecal specimensFecal specimens should be collected in the early stages of any enteric illness, when pathogens are usually present in the stool in highest num­bers, and before antibiotic therapy has been started.
Collection o f  stoolCollect stools from patients in clean (no disinfectant or detergent resi­due) containers with tight-fitting, leak-proof lids. Specimens should not be collected from bedpans, as they may contain residual disinfectant. A rectal catheter may be used to collect liquid stool from suspected cholera patients. A sterile catheter is lubricated with sterile liquid, inserted past the rectal sphincter, and gently moved into the intestine until liquid stool begins to flow from the end of the catheter.Unpreserved stool should be refrigerated if possible and processed within a maximum of 2 hours after collection. Any drying of the specimen or a shift to acid pH will significantly reduce the numbers of viable organ­isms. If the specimen will be kept for longer than 2 hours before process­ing, a sterile cotton- or polyester-tipped swab should be immersed into the stool and placed in Cary-Blair transport medium (see Section B of this chapter for instructions on inoculation of Cary-Blair). If mucus and shreds of intestinal epithelium are present, these should be sampled with the swab. Specimens preserved in transport medium need not be refriger­ated unless they are likely to be exposed to elevated temperatures (>40°C).
Collection o f  recta l swabsMoisten a sterile cotton-tipped swab with Cary-Blair transport me­dium (lubricants must not be used), insert the swab through the rectal sphincter into the anal canal, and rotate several times. Examine the swab for evidence of fecal material. Place the swab into the tube of Cary-Blair medium and transport to the laboratory at room temperature or refriger­ated (4°C).
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Table 111-1. Collection of specimens for laboratory diagnosis of cholera
C o lle c tio n  ins tru c tion s F e c a l s p e c im e n s S e r u m  s p e c im e n s
W hen  to collect During period of active diarrhea  
(as soon after onset of illness as  
possible)
Acute-phase serum  within 3  days after 
onset if possible; convalescent-phase  
serum 10-21 days after onset3
How  much to collect Rectal swab or sw ab of fresh stool 10 -15  ml w hole blood from adults or 3 -5  
ml from  children
M ethod of collection Stool or rectal sw ab placed in 
C ary-B lair transport m edium
Collect blood in tubes without
anticoagulants; clot and centrifuge; 
place serum  in sterile tube
Storage of specim en after 
collection
Store at room tem perature or 
refrigerate at 4 °C
Im m ediately refrigerate or freeze  serum  
(do not freeze  w hole blood)
Transportation Seal sam ples to prevent leakage; 
ship in durable container by 
overnight delivery
Place sealed  sam ples on ice packs or 
dry ice; ship in insulated box by 
. overnight delivery
Vibriocidal antibody titers begin to rise several days after onset and peak by 10-21 days.
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2. Serum for antibody studiesObtain two serum specimens (an acute-phase specimen and a convales­cent-phase specimen). Obtain the acute-phase serum specimen as close to the time of onset of illness as possible (ideally within 0 to 3 days after on­set of illness) and the convalescent-phase serum specimen 10 to 21 days after the onset of illness. Indicate the date the blood specimen was drawn and the date of onset of disease in addition to the name and age of the pa­tient.Collect blood specimens from adults (10 to 15 ml) and from children (3 to 5 ml) in tubes that do not contain anticoagulants. Allow blood to clot. Centrifuge the blood and send only the serum for analysis. If no centri­fuge is available, store the blood specimens in a refrigerator until a clot has formed; then carefully remove the serum with a Pasteur pipette, avoiding red blood cells. Place the cell-free serum into a sterile screw- capped tube. If the serum is to be held for several days, freezing is prefer­able to refrigeration to prevent bacterial growth. If possible, ship frozen specimens on dry ice. However, if serum contains red blood cells, it should not be frozen because this will cause lysis of the cells and make analysis difficult. If the serum has been drawn off without centrifuging using the clotting technique described above, ship the specimens refriger­ated (not frozen), so that they can be centrifuged to remove any remain­ing red blood cells before freezing.
B. Transport Media
1. Cary-BlairCary-Blair transport medium is the medium of choice for the preserva­tion and transport of V. cholerae because its high pH (8.4) is optimal for this species and its semisolid consistency provides for ease of transport. Caiy-Blair medium is stable and can be stored after preparation for up to 1 year in tightly sealed containers. It can be used to transport many en­teric pathogens besides V. cholerae. (See Chapter XI, “Preparation of Me­dia and Reagents” for instructions on how to prepare Cary-Blair medium.)
Inoculation o f  Cary-B lair tran sport mediumAfter collecting the specimen, aseptically insert one or two swabs into the tubed medium (Figure III-l). Keep the head of the swab submerged in the medium. Aseptically break off the end portion of the swab stick that has been touched by the fingers. Replace the screw cap tightly. Transport or store inoculated medium at room temperature (25°C) or refrigerated (4°C).
2. Other transport mediaAlkaline peptone water (APW) may be used to transport V. cholerae for short periods if Cary-Blair is not available. APW should not be used if
17
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Figure II1-1. Cary-Blair semisolid transport medium
subculture will be delayed more than 6 hours from the time of collection because other organisms will overgrow vibrios after 6 hours.Amies’ (pH 7.4) or Stuart’s (pH 7.3) transport media may be used to transport specimens if Cary-Blair is not available but only for short peri­ods (1-2 days) because the pH of these media is not optimal for V. chol- erae. Buffered glycerol saline is not suitable for transport of V. cholerae and must not be used.
C. Unpreserved SpecimensIf transport media cannot be used, one option is to soak a piece of filter paper, gauze, or cotton in liquid stool and place it into a plastic bag. The bag must be tightly sealed so that the specimen will remain moist and not dry out. Adding several drops of sterile saline to the bag may help pre­vent drying of the specimen. Refrigeration during transport is desirable but not necessary.
D. Transport of SpecimensThe transport or shipment of diagnostic specimens by public or com­mercial delivery systems may be subject to local or national regulations. Transport of specimens should not present a hazard to humans or the en­vironment and should protect the viability of suspected pathogens. For in­structions about the international shipment of diagnostic specimens and etiologic agents, see Chapter XII, “Storage and Shipment of Isolates.”The following guidelines are suggested for the transport of diagnostic specimens in the absence of specific regulations:
18
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•  Place each specimen in an appropriate primary container (test tube, stool cup, transport medium, serum vial).• Place primary containers in a durable covered waterproof secondary container with sufficient blotting material (e.g., cotton wool, paper towels) to absorb any leakage from the primary container.• Specimens may be refrigerated by placing them in an insulated box with frozen refrigerant packs (these may be commercial or homemade). If specimens are refrigerated with wet ice instead of refrigerant packs, water from the melting ice should not seep into the specimen tubes or leak from the secondary container. If wet ice is used, place the specimen containers in waterproof plastic bags that can be tightly sealed.• Frozen specimens can be kept frozen only by shipping them on dry ice (solid C02). Use enough dry ice to keep the specimen frozen until it is received at the laboratory that will process it (usually about one-third to one-half of the shipping container). Glass tubes should not come into direct contact with dry ice; cushion specimens with a layer of packing paper or other buffering material between the tubes and the dry ice.• Pack specimens on dry or wet ice securely, so that they will not roll loosely in the container after the ice has dissipated.• Specimens that are not refrigerated or frozen should still be protected against possible extremes of heat or cold.• Select the most rapid and reliable means of transportation to avoid delays in shipment. If air transport is used for frozen specimens, obtain prior approval from the airline authorizing the use of dry ice, because CO2 gas is released as it melts. Schedule delivery during business hours on a weekday if possible.• If specimens are shipped by mail, pack samples according to national and/or international postal requirements (see Chapter XII.) Be sure to attach all necessary information and documentation for each specimen.
References1. World Health Organization. Manual for the Laboratory Investigations of Acute Enteric Infections. Geneva: World Health Organization, 1987; publica­tion no. WHO/CDD/83.3 rev 1.2. CDC. Recommendations for the collection of laboratory specimens associ­ated with outbreaks of gastroenteritis. MMWR 1990;39 (No. RR-14).3. Cary SG, Blair EB. New transport medium for shipment of clinical speci­mens. I. Fecal specimens. J Bacteriol 1964; 88:96-8.4. Global Task Force on Cholera Control. Guidelines for cholera control. Ge­neva: World Health Organization, 1992; publication no.WHO/CDD/SER/80.4 rev 4.
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IV. Isolation of Vibrio cholerae from Fecal Specimens
Although V. cholerae 01 will grow on a variety of commonly used agar media, isolation from fecal specimens is more easily accomplished with specialized media. Alkaline peptone water (APW) is recommended as an enrichment broth, and thiosulfate citrate bile salts sucrose (TCBS) agar is the selective agar medium of choice for isolating V. cholerae 01. In cer­tain instances (for example, when the patient is in very early stages of ill­ness and is passing liquid stool), it may not be necessary to enrich specimens or use selective plating media. However, enrichment broth and a selective plating medium should always be used with convalescent pa­tients, suspected asymptomatic infections, environmental specimens, and whenever high numbers of competing organisms are likely to be present in the specimen.
A. Enrichment in Alkaline Peptone WaterVibrio spp. grow very rapidly in APW, and at 6 to 8 hours will be pre­sent in greater numbers than non-Vibrio organisms. Enrichment in APW enhances the isolation of V. cholerae 01 when few organisms are present, as in specimens from convalescent patients and asymptomatic carriers.A number of other broth media have been described for enrichment of V. cholerae. These include Monsur’s enrichment medium which contains Trypticase, potassium tellurite, and sodium taurocholate (bile salts). A modification of APW, in which potassium tellurite is added in concentra­tions of 1:100,000 to 1:200,000, is sometimes used. An enrichment me­dium containing a selective agent may not offer any advantage over APW if it is used with a short incubation time (6 to 8 hours).
B. Selective Plating Media
1. Thiosulfate citrate bile salts sucrose agarTCBS is the medium of choice for the isolation of V. cholerae and is widely used worldwide. TCBS agar is commercially available and easy to prepare, requires no autoclaving, and is highly differential and selective (Table IV-1). However, it has a relatively short shelf life once prepared (3 to 5 days) unless plates are carefully protected against drying. TCBS is subject to lot-to-lot and brand-to-brand variations in selectivity, and growth on this medium is not suitable for direct testing with V. cholerae 01 antisera.TCBS agar is green when prepared. Overnight growth (18 to 24 hours) of V. cholerae will produce large (2 to 4 mm in diameter), slightly flat­tened, yellow colonies with opaque centers and translucent peripheries (Figure IV-1). The yellow color is caused by the fermentation of sucrose in the medium. Sucrose nonfermenting organisms, such as V. para- haemolyticus, produce green to blue-green colonies. Suspicious colonies
21
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Figure IV-1. Overnight colonies of V. cholerae on TCBS agar are large (2-4 mm) and 
yellow because of the fermentation of sucrose. They are characteristically round, 
smooth, glistening, and slightly flattened.
Figure IV-2. On TTGA medium, colonies of t/. cholerae are grey, flattened, and are 
surrounded by a cloudy halo formed by the production of gelatinase.
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for further testing should be subcultured to a noninhibitory medium, such as gelatin agar, heart infusion agar (HIA), Kligler’s iron agar (KIA), or tri­ple sugar iron agar (TSI).
2. Taurocholate tellurite gelatin agar (TTGA or Monsur’s agar)TTGA is a selective and differential agar specifically designed for the isolation of V. cholerae. TTGA has a relatively long shelf life after prepara­tion, and growth directly from the medium may be used for oxidase and agglutination tests (Table IV-1). The disadvantages of this medium are that it is not commercially available, and overnight colonies of V. cholerae on TTGA tend to be smaller (1 to 2 mm) than those from TCBS agar. Po­tassium tellurite, which is added to the medium to increase selectivity, also varies in its quality, and each lot should be titrated to determine the optimal concentration to use in TTGA medium (see Chapter XI, “Prepara­tion of Media and Reagents”).Overnight growth of V. cholerae on TTGA agar appears as small, opaque colonies with slightly dark centers (Figure IV-2). After 24 hours, the centers of the colonies become darker, and eventually the entire col­ony becomes “gunmetal” grey in color. In addition to the dark coloration, which is due to the reduction of tellurite, there is also a opaque zone around colonies which resembles a halo. The halo effect, which is due to the production of the enzyme gelatinase, can be intensified by brief (15- to 30-minute) refrigeration of the plate. Because many members of the genus Vibrio have similar characteristics on TTGA, additional tests (antisera and/or biochemicals) are necessary to screen isolates from this medium.
Table IV-1. Selective plating media for V. cholerae
M e d iu m
C olony
m orphology
C o lo n y
s iz e
Com m ercially
available
A u to ­
c la v e d
D ire c t  
te s tin g  o f 
g ro w th  o ff 
o f p la te 3
T C B S Yellow, shiny 2 -3  m m Yes No No
T T G A G rey, flattened  
opaque zone  
around colony
1-2 m m No Yes Y es
M ac­
Conkey6
Colorless to light 
pink
1-3 m m Yes Yes No
Note: TCBS = thiosulfate citrate bile salts sucrose agar; TTGA = taurocholate tellurite gelatin 
agar.
a Direct testing for agglutination in antisera or oxidase reaction. 
b Not all strains of V. cholerae 01 will grow on MacConkey agar.
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Figure IV-3. Overnight growth of V. cholerae on MacConkey agar appears as small 
(1- to 3-mm), translucent, colorless-to-light pink (lactose-negative) colonies.
3. MacConkey (MAC) agarMAC is used widely to isolate members of the Enterobacteriaceae and will also support the growth of some but not all strains of V. cholerae. Overnight colonies of V. cholerae on MAC tend to be small to moderately sized (1 to 3 mm) and usually appear as lactose-negative or slightly pink, often resembling colonies of “late” or “slow” lactose-fermenting organisms (Table IV-1; Figure IV-3). Suspicious colonies should be subcultured to noninhibitory media for further testing.
C. Nonselective Plating Media
1. Gelatin agar (GA)GA is a good nonselective growth medium for V. cholerae. Gelatinase production, a characteristic of vibrios in general, may be determined on GA and is indicated by the production of an opaque zone around colonies which resembles a halo. The halo effect can be intensified by brief (15- to 30-minute) refrigeration of the plate. Colonies of V. cholerae on GA are smooth, opaque, white, and 2 to 4 mm in diameter after overnight incuba­tion at 35° to 37°C. When viewed with obliquely transmitted light with lOx to 20x magnification, colonies may appear finely granular and irides­cent with a greenish-bronze sheen. Colonies from this medium may be tested directly for agglutination with antisera as well as oxidase and string test reagents. Salt-free GA may be used as a screening medium to rule out halophilic (salt-requiring) marine vibrios resembling V. cholerae,
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which are frequently isolated from seafood and environmental specimens. See Chapter XI, “Preparation of Media and Reagents,” for special instruc­tions for preparation of gelatin agar.
2. Meat extract agar (MEA, or alkaline nutrient agar)MEA is similar to GA in its ability to support the growth of V. chol­erae. However, unlike GA, MEA does not produce colonies with differen­tial characteristics. Colonies of V. cholerae on MEA are 2 to 4 mm in diameter after overnight incubation and are smooth, opaque, and cream colored. When viewed with oblique light with lOx to 20x magnification, colonies may appear finely granular and iridescent with a greenish- bronze sheen. The oxidase test, string test, and screening with antisera may be performed directly with suspicious growth on MEA plates.
D. Isolation and Presumptive Identification
1. Direct inoculation of selective plating media from fecal 
specimensInoculate highly selective media (TCBS, TTGA) with a heavy inocu­lum from liquid stool, fecal suspension, or a rectal swab (Figure IV-4). With media of low selectivity (GA, MEA, blood agar), use a light inocu­lum. The inoculum should be streaked with a wire loop to give a large number of isolated colonies. It is not necessary to flame the loop between streaking different quadrants on the plate. Media of high selectivity re­quire more cross streaking into previous quadrants than media with lower selectivity. After inoculation, incubate plates for 18 to 24 hours at 35° to 37°C.
2. Inoculation of APW from fecal specimensAPW can be inoculated with liquid stool, fecal suspension, or a rectal swab (Figure IV-4). The stool inoculum should not exceed 10% of the vol­ume of the broth. Incubate the tube with the cap loosened at 35° to 37°C for 6 to 8 hours. After 6 to 8 hours’ incubation, subcultures to TCBS should be made with one to two loopfuls of APW from the surface and top­most portion of the broth, since vibrios preferentially grow in this area.Do not shake or mix the tube before subculturing. If the broth cannot be subcultured after 6 to 8 hours of incubation, subculture at 18 hours to a fresh tube of APW. This second tube should be subcultured to a solid me­dium after 6 to 8 hours of incubation.
3. Isolation of suspicious colonies from plating mediaSelect several suspect colonies from the TCBS plate and use these to inoculate HIA slants or another nonselective medium. Do not use nutrient agar because it has no added salt and does not allow optimal growth of V. cholerae. Incubate at 35° to 37°C.
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D irect E nrichm ent
A P W
6 -8  hr, 3 5 ° -3 7 °C a
T C B S
I
N on se lec tive  m edium
I
V. ch o le ra e  01 
p o lyvalen t an tise ra
I
O g a w a  and  In a b a  an tise ra
O ptional 
screen ing  tests
String  
O xid a se  
K IA  o r T S I  
A rgin ine or Lysine
Figure IV-4. Procedure for recovery of Vibrio cholerae 01 from 
fecal specimens
a If the A P W  cannot be streaked after 6 -8  hours of incubation, subculture at 
18 hours to a  fresh tube of APW ; incubate for 6 -8  hours, and then streak to 
TC B S .
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4. Slide agglutinationFresh growth of suspect V. cholerae on a nonselective agar medium may be tested in V. cholerae 01 polyvalent antiserum. Usually after 5 to 6 hours of incubation, growth on the surface of the slant is sufficient to perform slide serology with V. cholerae 01 polyvalent antisera; if not, re­incubate overnight. Isolates that agglutinate in polyvalent antiserum to the 01 serogroup are presumptively identified as V. cholerae 01 (see Chapter VI, “Laboratory Identification of V. cholerae,” for description of the slide agglutination method). Presumptive V. cholerae 01 may be con­firmed with agglutination in either monovalent Ogawa or Inaba antisera, but confirmation may not be necessary for all isolates, particularly when the supply of antisera is limited. The minimum identification of V. chol­erae 01 requires only serologic confirmation of the presence of 01 sero­type antigens with suspect isolates. However, a more complete characterization of the organism is sometimes necessary and may include toxin or hemolysis testing, as well as determination of antimicrobial sensi­tivity, biochemical identification, biotype, or molecular subtype. These types of tests should be performed only on selected isolates, such as those recovered early in an outbreak or during surveillance in areas threatened by epidemic cholera. Only isolates that are serologically confirmed to be V. cholerae 01 should be further characterized. (See Chapter II for a dis­cussion of when further characterization of isolates is necessary, and Chapters VI, VII, and IX for a description of these tests.)
5. Biochemical screening testsGenerally for suspect V. cholerae isolates from fecal specimens, screen­ing with biochemical tests is not necessary since slide serology with poly­valent 01 antisera is sufficient for a presumptive identification. However, if the supply of antisera is limited, the string and oxidase tests or various other biochemical tests may be useful for additional screening of isolates before testing with antisera. No single screening procedure for V. cholerae 01 is ideal for all laboratories and every sample. The laboratorian should select a screening procedure on the basis of available resources (for exam­ple, the availability of antisera), the types and numbers of competing or­ganisms likely to be present in the specimens being cultured, and the ability of the selective plating medium to inhibit the growth of those com­peting organisms.The string test, using fresh growth from nonselective agar, is useful for ruling out non -Vibrio spp., particularly Aeromonas spp. (Table IV-2). Oxidase can also be used to screen out non-Vibrio spp. such as Enterobac- teriaceae. Kligler’s iron agar (KIA) or triple sugar iron (TSI) agar rules out Pseudomonas and certain Enterobacteriaceae spp. Arginine is gener­ally more helpful than lysine for screening out Aeromonas and certain Vibrio spp., but either medium may be used. There is no need to use two biochemicals that rule out the same organism. For example, if arginine is used, it is usually not advantageous to also screen with lysine since they
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Table IV-2. Differential characteristics of selected members of the Vibrionaceae and 
Enterobacteriaceae
O rg a n is m
T e s t
Vibrio
cholerae
Vibrio
mimicus
H a lo p h ilic
v ib rio s
Aeromonas
hydrophila
Aeromonas
veronii
Plesiomonas Entero- 
shigelloides bacteriaceae
KIA K/A K/A V V K/AG K/A V
T S I A/A K/A V V A /A G K/A V
String + + + a - - - -
O xidase + + + + + + -
G as from glucose - - _b + + - V
Sucrose + - V V + - V
Lysine + + V V + + V
Arginine - - V + - + V
Ornithine + + V - + + V
V P V - V V + - V
Growth in 0 %  N aC lc + + - + + + +
Growth in 1 %  N aC lc + + + + + + +
Note: V = variable reaction.
a V. parahaemolyticus, V. cincinnatiensis, and V. damsela give variable reactions. 
b V. fumissiiand V. damsela are variable for gas from glucose. 
c Nutrient broth base (Difco Laboratories, Detroit, Ml)
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generally rule out the same species. Caps on all tubes of biochemicals should be loosened before incubation. This is particularly important for KIA or TSI slants since, if the caps are too tight and anaerobic conditions exist, the characteristic reactions of V. cholerae may not be exhibited. (See Chapter VI, “Laboratory Identification of V. cholerae,” for description of these biochemical tests.)
E. Rapid Diagnostic MethodsPrompt laboratory diagnosis of cholera is often advantageous for moni­toring the spread of the disease and rapidly instituting control measures. Several rapid methods have been developed and used to detect V. cholerae Ol directly from stools of acutely ill patients or from enrichment broth. In certain situations, these rapid methods may be practical, but they provide only a preliminary diagnosis. Despite their advantages of speed and (sometimes) simpler requirements for reagents and equipment, for the most part, rapid diagnostic methods cannot entirely replace traditional culture methods. Traditional techniques must be relied on when an iso­late is required for further tests, such as assays for cholera toxin produc­tion, antimicrobial sensitivity, hemolysis, biotype, or molecular subtyping. Rapid methods may be most useful in field situations where bedside diagnosis is required to monitor the course of an outbreak.
1. Dark-field and phase-contrast methodsDark-field and phase-contrast microscopy have been used for screen­ing fecal specimens for the presence of V. cholerae. With these techniques, liquid stools are microscopically examined for the presence of organisms with typical darting (“shooting star”) motility. The observation of charac­teristic motility can only be considered a screening test, and the diagnos­tic accuracy is not high when compared with standard culture techniques.The motility detection method is improved with the use of specific V. cholerae 01 antisera. In this method, stools or enrichment broths are examined with and without antisera added. If the addition of polyvalent antisera against V. cholerae 01 results in the cessation of motility, as observed by either dark-field or phase-contrast microscopy, the test is considered positive.The diluents for the antisera and stool must be selected carefully to avoid nonspecific inhibition of motility (for example certain preservatives such as sodium azide or merthiolate used in antisera). Distilled water is not a suitable diluent for stool specimens because it can extinguish the motility of V. cholerae. Other disadvantages include the requirements for a dark-field or phase-contrast microscope and a technician experienced in this technique. Despite these disadvantages, this technique has been widely used.
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D ark-field  procedureFreshly collected liquid (“rice-water”) stool is the specimen of choice for the dark-field procedure. If stool is liquid but not rice-water in nature, it should be diluted 1:1 with saline before direct testing. If freshly col­lected stool is negative, perform a 6- to 8-hour APW enrichment and re­test the enrichment broth. Antisera may be saved by first determining that the stool or enriched specimen is motile before preparing the anti­serum-containing specimen for examination. A known motile strain of V. cholerae 01 should be used as a positive control.
The following materials are needed:
• Microscope with dark-field condenser (if an oil immersion lens is used [lOOx], the objective must have an iris diaphragm)• Polyvalent V. cholerae 01 antiserum• Clean microscope slides (standard size) and cover slips• Sterile physiological saline or phosphate-buffered saline, pH 7.0 to 8.0To perform the test, place a drop of polyvalent V. cholerae 01 anti­serum near the end of a clean microscope slide. Next, mix a drop of freshly collected rice-water stool or a drop of a 6- to 8-hour APW enrich­ment broth culture with the antiserum, and place another drop of stool or APW at the opposite end of the slide. Place cover slips over the drops at each end of the slide. Using dark-field, examine the drop containing the stool or enrichment broth for “shooting star” motility by using the 40x ob­jective. If this type of motility is detected, examine the antiserum-contain­ing mixture. If the motile organism is V. cholerae 01, the motility will be completely extinguished. If the organisms under both cover slips are non- motile or if there is no difference between the motility of either mixture, the organism is not V. cholerae 01.
2. ImmunofluorescenceImmunofluorescence techniques using antisera conjugated to fluo­rescein isothiocyanate have been used to visualize V. cholerae 01 cells in a variety of specimen types. Despite the utility of immunofluorescence methods, they are not widely used as primary diagnostic tools because of the requirements for expensive equipment, high quality immunologic reagents, and trained technicians.
3. Latex agglutinationA commercially manufactured slide agglutination kit (Denka Seiken, Tokyo, Japan), developed for serotyping V. cholerae 01 isolates, has been used to detect the organism directly in fecal specimens. The kit uses latex particles coated with monoclonal antibodies directed against the A, B, and C antigens of V. cholerae 01. During an investigation of an epidemic
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of cholera, the kit was evaluated for its ability to confirm the diagnosis of cholera at bedside using rectal swabs. The latex agglutination test de­tected 63% of culture-positive patients from rectal swabs, but gave false positive results for 12% of culture-negative patients. The sensitivity and specificity of this test with liquid stool specimens have not been deter­mined.
4. CoagglutinationIn the coagglutination method, antibodies against V. cholerae 01 are bound to the surface of Staphylococcus aureus (Cowan 1) cells while re­taining their binding capacity and specificity. In a positive reaction, staphylococcal cells are bound together in a lattice-like arrangement caused by the formation of linkages between them created by the binding of the antibody on their surface to the V. cholerae bacterial cells.Problems using this technique have been attributed to substances in stool which nonspecifically inhibit agglutination and lattice formation of staphylococcal cells. Recently, a commercially prepared monoclonal anti­body-based coagglutination test (CholeraScreen, New Horizons Diagnos­tics, Columbia, MD) has been marketed and appears to have overcome these obstacles. Reports of evaluations of the product with culture collec­tions in the United States and with clinical specimens in Guatemala and Bangladesh have been encouraging.
5. Other rapid isolation/identification techniquesOther techniques for the rapid diagnosis of V. cholerae 01 include methods based on the multiplication of bacteriophage, addition of anti­sera to growth medium to precipitate V. cholerae cells in broth, and the use of antibody-coated magnetic beads to physically aggregate V. cholerae bacterial cells.
References1. Benenson AS, Islam MR, Greenough WB. Rapid identification of Vibrio chol­erae by darkfield microscopy. Bull WHO 1964; 30:827-31.2. Colwell RR, Hasan JAK, Huq A, et al. Development and evaluation of a rapid, simple, sensitive, monoclonal antibody-based co-agglutination test for direct detection of Vibrio cholerae 01. FEMS Microbiol Lett 1992; 97:215-20.3. Gustafsson B, Holme T. Rapid detection of Vibrio cholerae 0:1 by motility in­hibition and immunofluorescence with monoclonal antibodies. Eur J Clin Mi­crobiol 1985; 4:291-4.4. Morris GK, Merson MH, Huq I, Kibrya AKMG, Black R. Comparison of four plating media for isolating Vibrio cholerae. J Clin Microbiol 1979; 9:79-83.5. Shaffer N, Silva do Santos E, Andreason P, Farmer JJ. Rapid laboratory di­agnosis of cholera in the field. Trans Soc Trop Med Hyg 1989; 83:119-20.6. World Health Organization. Manual for the Laboratory Investigations of Acute Enteric Infections. Geneva: World Health Organization, 1987; publica­tion no. WHO/CDD/83.3 rev 1.
31
\
V. Examination of Food and Environmental Samples
Traditionally, water has been considered to be the most important ve­hicle for cholera transmission. By 1860, after investigations by John Snow and others, it was apparent that sewage-contaminated water sources, such as municipal water supplies, rivers, streams, or wells, were the principal route of disease transmission. Contact with contaminated food can also spread cholera, although most implicated foods are seafoods. In an epidemic setting, water and food are usually contaminated by Vi­brio cholerae 01 strains from human feces. Thus, for many years, it was believed that the only reservoir of V. cholerae 01 was the human intes­tine and that survival of the organism in the environment was limited. However, during the past 20 years, investigations in Australia and the United States have yielded evidence that both nontoxigenic and toxin-pro­ducing strains of V. cholerae 01 may be naturally occurring members of the aquatic ecosystem. These data support the concept that toxigenic and nontoxigenic V. cholerae 01 strains may have an environmental reser­voir, which would have important implications for efforts to control and eradicate cholera.Like other members of the Vibrionaceae, V. cholerae 01 can survive in aquatic environments for extended periods and is considered by many to be an indigenous species in estuarine and brackish waters. Various bio­logical and physiochemical factors, such as nutrient content, salinity, tem­perature, and pH, may influence the growth, survival, and distribution of V. cholerae in aquatic environments. The survival time of V. cholerae in water may extend from horns to months. The ability of V. cholerae to pro­duce chitinase may also contribute to its survival in estuarine environ­ments where plankton and other chitin-containing marine life are plentiful. V. cholerae 01 was able to bind to diverse plankton species col­lected from Bangladesh, where cholera is endemic. Other aquatic biota, such as water hyacinths from Bangladesh waters, have also been shown to be colonized by V. cholerae and to promote its growth. This relationship with plankton may be an important aspect of the ecology of V. cholerae 01 in cholera-endemic regions of Bangladesh, and this is supported by the fact that seasonal plankton blooms accompany cholera epidemics in Bangladesh. However, although natural bodies of water probably serve as both environmental reservoirs and a means of transmission to humans, attempts to isolate V. cholerae from lakes, rivers, streams, and ponds in areas with epidemic disease have not always been successful.
A. Transport of SpecimensBecause V. cholerae survives better in specimens held at 4°C than in frozen samples, specimens should be held refrigerated by placing them in an insulated box with frozen refrigerant packs (these may be commercial or homemade). If specimens are refrigerated with wet ice instead of refrig­erant packs, water from the melting ice should not seep into the speci­
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mens or leak from the container. This can be avoided by placing the speci­men containers in waterproof plastic bags that can be tightly sealed. Sub­mersion of samples in ice should also be avoided to prevent partial freezing of the samples.
B. Selection of Isolation Methods for Environmental 
SamplesThe selection of the isolation method depends on the type of sample to be cultured. Samples from marine and estuarine environments may con­tain numerous other Vibrio species that grow as well as V. cholerae in al­kaline peptone water (APW) and on thiosulfate citrate bile salts sucrose agar (TCBS). These samples should be diluted in 10-fold increments to 10'3 to reduce the numbers of competing microorganisms. Incubation of APW at an elevated temperature (42°C) inhibits the growth of some competi­tors, particularly other vibrios that do not grow as well at that tempera­ture. The isolation of V. cholerae 01 from estuarine or marine samples may therefore be enhanced because the primary competitors are inhibited at this temperature. If laboratory resources permit, a duplicate set of dilu­tions may be prepared to be incubated at 42°C. In contrast, specimens such as fresh water or sewage effluent, which contain relatively fewer vibrios and vibrio-like organisms, do not usually require dilution before culturing or incubation at 42°C.
C. Isolation of V. cholerae from SewageSurveillance using the Moore swab method is a practical and effective technique for detecting V. cholerae in sewage (Figure V-l). The swabs can be easily assembled, and when suspended in the intake lines of a munici­pal sewage system, they can detect V. cholerae infections in areas where surveillance of diarrheal illness has failed to detect cholera. The sensitiv­ity of the technique appears not to be dependent on the distance of the source of infection from the sampling site. Using this method to sample all major intake lines of a community sewage system is a simple way to determine whether V. cholerae 01 infections are occurring in an area. The assembly, placement, and subsequent handling of Moore swabs for V". cholerae sewage surveillance are described below.
M aterials (for 10 specimens)• 10 Moore swabs• 100 yards nylon fishing line (25 lb test or higher)• 1 insulated cooler and frozen refrigerant packs for transport• 10 securely closing suitable containers (500-1000 ml)• 10 pairs latex gloves• 3-5 liters of alkaline peptone water (see Chapter XI for formula)
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Figure V-1. Moore swab technique for recovering 
Vibrio cholerae 01 from sewage or water
a If the A P W  cannot be streaked after 6 -8  hours of incubation, subculture at 
18 hours to a  fresh tube of A P W ; incubate for 6 -8  hours, and then streak to 
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Assem bly o f  Moore swabsMoore swabs can be made by cutting pieces of cotton gauze 4 feet long by 6 inches wide (120 cm by 15 cm), folding or rolling the gauze length­wise several times, and firmly tying the center with fishing line. Steriliza­tion by wrapping in heavy paper and autoclaving before use is optional (Figure V-2).
P lacem ent o f  Moore swabsFor effective surveillance, place Moore swabs in all main intake lines at the sewage plant or other central locations in the sewage system. The site for swab placement must be carefully evaluated for conditions that could inhibit the recovery of the V. cholerae organism. Placement must be upstream of any septic waste dump sites or partially treated recycled sew­age to avoid possible contamination with toxic waste. Suspend the swab in the sewage to be tested. In the case of intake lines accessible only by manhole, a piece of wire should be attached to the end of the line to pre­vent cutting the line when the manhole cover is replaced. The swab should be left in place for 24 to 48 hours.
Collection o f  specim ensWear latex gloves and change between specimens to prevent cross-con­tamination. When Moore swabs, including their attachment line, are re­moved from the sampling site, they should be placed in securely-closing containers of a suitable size. Label the containers with collection site and
Figure V-2. The Moore swab is a simple device for sampling sewage and contami­
nated water for the presence of V. cholerae.
\
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date. Samples should be transported as quickly as possible to the labora­tory in an ice chest with frozen refrigerant packs to prevent possible over­heating (see Section A of this chapter for instructions for transport of specimens). If it will be longer than 3 hours between collection of swabs and arrival at the laboratory, the swabs should be placed in APW at the collection site before transport to ensure optimal recovery of V. cholerae. APW (300 to 500 ml) should be added to the specimens immediately upon arrival at the laboratory if it was not added at the site. The Moore swab and the associated sample water should make up approximately 10% to 20% of the total volume of the sample with APW added to obtain the opti­mal ratio of sample to enrichment broth for recovery. Incubate specimens at 35° to 37°C for 6 to 8 hours before plating, as described in Section F of this chapter.
D. Isolation of V. cholerae from Water SpecimensAll water specimens should be collected in sterile containers and trans­ported to the laboratory under refrigeration (see Section A of this chapter) to prevent overheating. Generally the larger the water sample, the greater the chance of isolating V. cholerae. Collecting and processing mul­tiple samples is another way to enhance the chances of isolation. Selection of the isolation method should depend on the type of water sample to be cultured, and salinity of the water source should be the determining fac­tor. For example, ship ballast water, a documented source of V. cholerae, should be cultured by the same method as seawater.
1. Direct culture techniqueAdd 450 ml of water to 50 ml of lOx concentrated APW. An alternate method is to make a 10"1 dilution of the water sample in lx APW (for ex­ample, 10 ml of water in 90 ml of APW). The latter method is particularly useful for heavily contaminated samples. If estuarine or sea water sam­ples are cultured, two additional tenfold dilutions should be made in APW to give 10"2 and 10'3 dilutions. Additional dilutions to 10"6 may be done if enumeration is desired (see the MPN technique below). Incubate all dilu­tions at 35° to 37°C, and plate at 6 to 8 hours as described in Section F of this chapter. If laboratory resources permit, a duplicate set of dilutions may be prepared to be incubated at 42°C. When culturing fresh water samples, further dilutions and incubation at 42°C may not be necessary to enhance isolation since the numbers of competing organisms (particularly Vibrio spp.) may be considerably fewer than in marine or estuarine waters.
2. Membrane filter techniqueThe membrane filter technique is most appropriate for clear water that does not contain debris, mud, or silt. If it is used for cloudy water, a clarifying agent, filter aid, or prefilter to remove suspended materials may be necessary. Filter 100 to 300 ml of sample water (or a larger
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amount if possible) through a 0.22- to 0.45-um membrane (Millipore) fil­ter. Place the filter in 100 ml of APW in a flask. Incubate at 35° to 37°C for 6 to 8 hours and plate to TCBS. If laboratory resources permit, a dupli­cate specimen may be prepared to be incubated at 42°C. Alternatively, the filter may be placed directly on the surface of a nonselective agar plate (e.g., TiNi, heart infusion agar), incubated for 3 hours at 35° to 37°C, then transferred to a TCBS agar plate and incubated for 18 to 24 hours at 35° to 37°C. If estuarine or marine samples are to be cultured, smaller water samples should be filtered, or filters should be placed in larger volumes of APW to dilute the samples adequately.
3. Moore swabThe Moore swab can be used for sampling water as well as sewage, but it is useful only for rivers and flowing water sources and offers no particu­lar advantage over other sampling methods for stationary water sources. As with sewage, the Moore swab should be left at the sampling site for 24 to 48 hours. (Refer to Section C of this chapter for assembly, collection, and examination of Moore swabs.)
4. Spira swabThe Spira swab procedure is a sampling method in which water is fil­tered through cotton gauze. The gauze is placed in a large plastic bottle (for example, a 500-g media bottle or other equivalent container) with a 2- cm hole cut in the bottom (Figure V-3). The size of the hole in the bottom
Figure V-3. The Spira swab is used for filtering large volumes of water through cotton 
gauze to recover V. cholerae.
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date. Samples should be transported as quickly as possible to the labora­tory in an ice chest with frozen refrigerant packs to prevent possible over­heating (see Section A of this chapter for instructions for transport of specimens). If it will be longer than 3 hours between collection of swabs and arrival at the laboratory, the swabs should be placed in APW at the collection site before transport to ensure optimal recovery of V. cholerae. APW (300 to 500 ml) should be added to the specimens immediately upon arrival at the laboratory if it was not added at the site. The Moore swab and the associated sample water should make up approximately 10% to 20% of the total volume of the sample with APW added to obtain the opti­mal ratio of sample to enrichment broth for recovery. Incubate specimens at 35° to 37°C for 6 to 8 hours before plating, as described in Section F of this chapter.
D. Isolation of V. cholerae from Water SpecimensAll water specimens should be collected in sterile containers and trans­ported to the laboratory under refrigeration (see Section A of this chapter) to prevent overheating. Generally the larger the water sample, the greater the chance of isolating V. cholerae. Collecting and processing mul­tiple samples is another way to enhance the chances of isolation. Selection of the isolation method should depend on the type of water sample to be cultured, and salinity of the water source should be the determining fac­tor. For example, ship ballast water, a documented source of V. cholerae, should be cultured by the same method as seawater.
1. Direct culture techniqueAdd 450 ml of water to 50 ml of 10X concentrated APW. An alternate method is to make a 10"1 dilution of the water sample in lx APW (for ex­ample, 10 ml of water in 90 ml of APW). The latter method is particularly useful for heavily contaminated samples. If estuarine or sea water sam­ples are cultured, two additional tenfold dilutions should be made in APW to give 10'2 and 10'3 dilutions. Additional dilutions to 10'6 may be done if enumeration is desired (see the MPN technique below). Incubate all dilu­tions at 35° to 37°C, and plate at 6 to 8 hours as described in Section F of this chapter. If laboratory resources permit, a duplicate set of dilutions may be prepared to be incubated at 42°C. When culturing fresh water samples, further dilutions and incubation at 42°C may not be necessary to enhance isolation since the numbers of competing organisms (particularly Vibrio spp.) may be considerably fewer than in marine or estuarine waters.
2. Membrane filter techniqueThe membrane filter technique is most appropriate for clear water that does not contain debris, mud, or silt. If it is used for cloudy water, a clarifying agent, filter aid, or prefilter to remove suspended materials may be necessary. Filter 100 to 300 ml of sample water (or a larger
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of the bottle is critical; if it is too large, the gauze is pulled out by the water as it flows through, and if it is too small the water passes through very slowly. Gauze 30 cm (12 in) wide is packed into the bottle in a lay­ered fashion so that when water is poured into the top of the bottle it passes through the gauze and out of the bottle through the 2-cm hole in the bottom. The gauze should be properly layered to prevent the water from being channeled around the layers of gauze instead of being filtered. Enough gauze (approximately 4 to 6 ft or 120 to 180 cm) should be used to form a firm but still compressible pack and should fill about two-thirds of the bottle’s volume. Sterilization of Spira swabs is optional. If swabs are to be sterilized, wrap each bottle in foil or brown paper and autoclave.Pour water to be sampled into the top and allow to drain out the bottom. Aseptically remove the gauze swab and place in flask or jar containing 100 ml of lOx APW. Add sufficient source water to final volume of 1 liter. Incubate at 35° to 37°C for 6 to 8 hours and plate to TCBS.
5. MPN TechniqueThe most probable number (MPN) method uses a multiple dilution-to- extinction approach for estimating microbial population. It is useful in situations where extremely low densities of organisms are encountered and where potential competitors complicate other enumeration methods. This method may be used to locate the source of contamination by estab­lishing a gradient of concentrations of V. cliolerae 01. Estimates of V. chol- erae populations in water may be determined by an MPN procedure consisting of a 3-dilution, 3- or 5-tube replication series that uses enrich­ment in APW followed by plating to TCBS. However, if the water to be sampled is heavily contaminated with sewage, dilutions out to 10'6 may be necessary to reach an endpoint. If laboratory resources permit, a dupli­cate set of dilutions may be prepared to be incubated at 42°C. Methods for the MPN procedure are described in Standard Methods for the Examina­tion of Water and Wastewater, published by the American Public Health Association.
E. Isolation of V. cholerae from Food, Sediment, and Other 
Environmental SamplesIn addition to water, contaminated food can serve as a vehicle for the transmission of cholera. Foods commonly associated with cholera trans­mission have included fish (particularly shellfish harvested from contami­nated waters), milk, cooked rice, lentils, potatoes, kidney beans, eggs, chicken, and vegetables. Freshly harvested oysters and fish are fre­quently cultured as sentinel specimens for surveillance purposes. The in­testines, and to a lesser extent, the skin of freshly caught fish are more likely to harbor V. cholerae organisms than is the muscle tissue, but for fish in the market that have been scaled and cleaned, the flesh may be culture positive because of cross-contamination during cleaning and stor­age on ice.
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Sediment, aquatic plants, plankton, and other environmental speci­mens may be sampled to monitor the incidence and ecology of V. cholerae 01 in various ecosystems and the importance of these as reservoirs in the transmission of cholera.
1. Preparation of food, sediment, and other environmental
samplesSamples should be kept refrigerated (4°C) until cultured (see Section A of this chapter). Aseptically weigh a 25-g food sample into a sterile blender jar or stomacher bag (see Figure V-4). Cut large samples into smaller pieces before blending. Add a small amount of APW to the jar and blend thoroughly. After blending, add additional APW to bring the total amount added to 225 ml (10'1 dilution). For sediment and other environ­mental samples that do not require blending, weigh a 25-g sample and place into 225 ml of APW (10'1 dilution). If resources permit, prepare duplicate samples (for incubation at both 35° to 37°C and 42°C). Prepare two tenfold dilutions (10~2 and 10'3) of the blended food samples or plank- ton/sediment samples in APW. If duplicate samples are prepared, both should be diluted. Dilutions may be made to 10'® if enumeration of V. chol­erae is desired. Refer to the Bacteriological Analytical Manual (U.S. Food and Drug Administration) for more information.
2. Preparation of oyster samplesTo culture oysters, remove and combine the meat from 10 to 12 ani­mals; include the shell liquor. Blend to mix. Blend 25 g of this composite with 225 ml of APW (10'1 dilution). Prepare two tenfold dilutions (10"2 and 10'3) of the oysters in APW. If duplicate samples are prepared, both should be diluted. Because certain components of oyster meat are toxic to V. cholerae 01, process only a few oysters at a time and dilute the sam­ples as quickly as possible. This process will dilute out competing microor­ganisms, as well as the bactericidal effects of the oyster meat on V. cholerae. A  duplicate set of dilutions incubated at 42°C greatly enhances the chances of isolating V. cholerae and is strongly recommended when culturing oysters, even more than for other types of food specimens.
F. Incubation of APWIncubate the APW (with caps loosened on all jars and dilution tubes) at 35° to 37°C for 6 to 8 hours. If duplicate dilutions are prepared, incu­bate the second set of jars and dilutions at 42°C for 6 to 8 hours. After in­cubation, streak to TCBS using one large or two smaller loopftils from the sin-face and topmost portion of the broth, since vibrios preferentially mi­grate to this area. Do not shake or mix the tube before subculturing. If the APW cannot be subcultured after 6 to 8 hours of incubation, at 18 hours subculture to a fresh tube of APW. This second APW tube should be subcultured to TCBS following 6 to 8 hours of incubation. Incubate TCBS plates for 18 to 24 hours at 35° to 37°C.
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Figure V-4. Procedure for recovering Vibrio cholerae 01 
from food or environmental specimens
a Duplicate A P W  dilutions m ay be prepared and incubated at 42 °C . 
b If the A P W  cannot be streaked after 6 -8  hours of incubation, subculture 
at 18 hours to a  fresh tube of APW ; incubate for 6 -8  hours, and then  
streak to T C B S .
c T 1N 0 and T 1N 1 agar m ay be used as an alternative to gelatin agar with 
0%  and 1%  NaCI.
d Testing for growth in 0 %  and 1%  N aC I m ay be done by subculturing 
from TC B S  to a  nonselective medium (e.g., gelatin agar with 1%  NaCI, T 1N 1 
agar, H IA ) and then to T 1N 0 and T 1N 1 broth.
\
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In some circumstances, it may be advantageous to incubate APW for 18 hours. For frozen food and oysters, incubate the homogenate in APW for 6 to 8 hours, then subculture an inoculum to TCBS. Reincubate the original homogenates for total incubation time of 18 hours, and replate the specimens to TCBS.
G. Isolation and Presumptive IdentificationWhen culturing samples from an estuarine or marine environment, special methods must often be used to screen out the numerous other Vi­brio species that grow well in APW and on TCBS agar. No single screen­ing procedure for V. cholerae 01 is ideal for each laboratory and sample. The laboratorian should select a screening procedure based on available resources (for example, the availability of antisera), the competing organ­isms present in the environment being sampled, and the ability of the se­lective plating medium to inhibit the growth of those competing organisms. An effective procedure using a salt-free medium followed by biochemical screening and serologic tests is described below.
1. Salt-free mediaMost of the Vibrio species other than V. cholerae that are frequently encountered in marine or estuarine specimens are halophilic or at least re­quire a minimum amount of salt in culture media. For this reason, the ability of V. cholerae to grow on culture media with no added salt can be a useful selective characteristic.Three or more colonies suspicious of V. cholerae may be subcultured from TCBS to two gelatin agar plates, one with 0% NaCl and the other with 1% NaCl (Figure V-4). See Chapter XI, “Preparation of Media and Reagents,” for special instructions for preparation of gelatin agar. If the gelatinase reaction does not offer any advantage in the screening process, TiNo (1% tryptone and 0% NaCl) agar and Tj.Ni (1% tryptone and 1% NaCl) agar may be used. Plates may be inoculated with as many as eight colonies by dividing them into eight sections. Growth should be inocu­lated in a straight line in the middle of each sector. Growth should be added to the gelatin plate without salt first since V. cholerae does not grow as well without salt and a larger inoculum may be required for that medium.Since halophilic Vibrio spp. grow only on the medium with 1% NaCl, select isolates that grow on both the medium with 0% NaCl and medium with 1% NaCl. The gelatinase reaction (V. cholerae is positive) may be ob­served by holding the plate above a black surface or up to a light to ob­serve the halo effect around the growth of gelatinase-positive organisms. Refrigeration of the gelatin agar plate for 15 to 30 minutes enhances the halo and makes it easier to observe this effect (see Chapter IV, “Isolation of V. cholerae from Fecal Specimens,” for a description of gelatin agar). Growth from the agar medium with 1% NaCl may be tested directly in
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V. cholerae 01 polyvalent antiserum or screened with the oxidase and string test before further biochemical testing.An alternate procedure is to inoculate colonies suspicious of V. chol­erae from TCBS to a nonselective medium (e.g., gelatin agar with 1% NaCl, T1N1 agar, HIA). Plates or tubed media may be used. Growth from this medium may then be inoculated into T1N0 and T1N1 broth to test for growth in the absence of salt before proceeding with further testing.
2. Biochemical screening testsSlide serology is sufficient for a preliminary identification of V. chol­erae 01 without further testing. However, it may be advantageous to screen with biochemical tests before testing with V. cholerae 01 antis­erum if the TCBS medium used for isolation is not sufficiently selective to inhibit competitors such as Aeromonas, Pseudomonas, and Enterobacte- riaceae; if those competitors are especially numerous in the environment sampled; or if the supply of antiserum is limited. Tests found to be useful for eliminating non-V. cholerae organisms are arginine (or arginine glu­cose slant), lysine (or lysine iron agar), string, oxidase, and Kligler iron agar (KIA) or triple sugar iron agar (TSI) (see Table IV-2 in Chapter IV, “Isolation of V. cholerae from Fecal Specimens”). Biochemical tests should be selected according to their ability to rule out the greatest number of competitors and will vary with different types of specimens. There is no need to use two biochemicals that rule out the same organism. For exam­ple, if arginine is used, it is not advantageous to also screen with lysine since they generally rule out the same organisms.The string and oxidase tests may be performed on fresh growth from the gelatin with 1% NaCl agar plate (TiNi or other nonselective me­dium), offering information immediately. The string test is useful for rul­ing out non-Vibrio spp., particularly Aeromonas. Arginine and lysine can be used to rule out Aeromonas and certain Vibrio spp. Arginine is gener­ally more helpful than lysine, but lysine may be used if arginine is not available. KIA or TSI will rule out Pseudomonas and certain Enterobacte- riaceae spp. Oxidase can be used to eliminate non-Vibrio spp., particu­larly the Enterobacteriaceae. (For descriptions of these tests see ChapterVI, “Laboratory Identification of V. cholerae”)Caps on all tubes of biochemicals should be loosened before incuba­tion. This is particularly important for KIA or TSI slants since, if the caps are too tight and anaerobic conditions exist, the characteristic reactions of V. cholerae may not be exhibited.
3. Slide agglutinationSuspect V. cholerae isolates should be tested by slide agglutination with polyvalent V. cholerae 01 antiserum. Isolates that agglutinate in polyvalent antiserum may be reported as presumptive V. cholerae 01 but should be confirmed with agglutination in monovalent Ogawa and Inaba
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antisera. Since nontoxigenic V. cholerae 01 is frequently encountered in environmental specimens (particularly marine and estuarine), all V. chol­erae 01 isolates from environmental or food specimens should be tested for cholera toxin production after their identification has been confirmed. Isolates that are serologically confirmed to be V. cholerae 01 may be fur­ther characterized for hemolysis, biochemical identification, antimicrobial sensitivities, biotype, or molecular subtype. (Refer to Chapter VI, “Labora­tory Identification of V. cholerae,” for a description of methods for sero­logic, biochemical, biotype, hemolysis, and sensitivity tests. Chapter VII describes methods for detection of cholera toxin production.)
References1. Barrett TJ, Blake PA, Morris GK, Puhr ND, Bradford HB, Wells JG. Use of Moore swabs for isolating V. cholerae from sewage. J Clin Microbiol 1980;11:385-8.2. Spira WM, Ahmed QS. Gauze filtration and enrichment procedures for re­covery of Vibrio cholerae from contaminated waters. Appl Environ Microbiol 1981;42:730-3.3. U.S. Food and Drug Administration. Bacteriological Analytical Manual, 7th ed. Arlington, Virginia: Association of Official Analytical Chemists, 1992.4. American Public Health Association, American Water Works Association, and the Water Pollution Control Federation. Standard Methods for the Ex­amination of Water and Wastewater, 17th ed. Washington. D.C.: American Public Health Association, 1989.
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VI. Laboratory Identification of Vibrio cholerae
Members of the genus Vibrio are facultatively anaerobic, asporo- genous, motile, curved or straight gram-negative rods. Vibrios either re­quire NaCl or have their growth stimulated by its addition. All members of the genus Vibrio, with the exceptions of V. metschnikovii and V. gazo­genes, are oxidase positive and reduce nitrates to nitrites. Within the Vi- brionaceae are many different species, most of which are normal inhabitants of the aquatic environment. Of the more than 30 species within the Vibrio-Photobacterium complex, only 12 have been recognized as being pathogens for humans (Table VI-1). Although most of these 12 species are isolated from intestinal as well as extraintestinal infections, only V. cholerae is associated with epidemic cholera.Unidentified vibrios have been called “marine species,” or simply, “ma­rine vibrios.” These marine species are defined as Vibrio or Photobac­terium strains that are oxidase positive, ferment D-glucose, do not grow in nutrient broth without added NaCl, but do grow in nutrient broth with added NaCl. Most organisms isolated from ocean or estuarian waters be­long to the marine vibrio group and are difficult to identify except in a few specialized laboratories. Because they are not associated with human illness, marine vibrios need not be identified on a routine basis. Clinical and public health laboratories usually report the human pathogenic vi­brios by genus and species and all other vibrios as “marine vibrio.”The minimum identification of V. cholerae 01 requires only serologic confirmation of the presence of 01 serotype antigens with suspect iso­lates. However, a more complete characterization of the organism may be necessary and may include various biochemical tests as well as the deter­mination of other characteristics. The laboratory should decide when it is appropriate to perform these additional tests on clinical isolates, since they should not be a routine part of identification of V. cholerae 01. Gen­erally, if the isolate is from a region that is threatened by epidemic chol­era or is in the early stages of a cholera outbreak, it is appropriate to confirm the production of cholera toxin and the biochemical identification. Other tests that could provide important public health information in­clude hemolysis, biotyping, molecular subtyping, and antimicrobial sensi­tivity assays. These tests should be performed on only a limited number of isolates. (See Chapter II, “The Role of the Public Health Laboratory.”)
A. Serologic Identification of V. cholerae 01The use of antisera is one of the most rapid and specific methods of identifying V. cholerae 01. Although identifying the serogroup and sero­type of V. cholerae isolates is not necessary for treatment of cholera, this information may be of epidemiologic and public health importance (Table VI-2).
\
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Table VI-1. Eight key differential tests to categorize the 12 clinically important Vibrio species into six groups (1)
Species
G ro w th  in 
n u tr ie n t b ro th 3
0% NaCI 1 % NaCI Oxidase
Nitrate to 
nitrite
Myo-inositol
fermentation
Arginine
dihydrolase
Lysine de­
carboxylase
Ornithine de­
carboxylase
Group 1
V. cholerae + + + - - + +
V. mimicus + + + - - + +
Group 2
V. metschnikovii - + - - V V V -
Group 3
V. cincinnatiensis - + + + + - V -
Group 4 
V. hollisae + + +
Group 5
V. damsela - + + + - + V -
V. fluvialis - + + + - + - -
V. furnissii - + + + - + - -
Group 6
V. alginolyticus - + + + - - + V
V. parahaemolyticus - + + + - - +
V. vulnificus - + + + - - + V
V. carchariae - + + + - - + -
Note: + = a90% positive; - = <10% positive; V = 10% -89%  positive. 
a Difco Laboratories, Detroit, Ml.
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Table VI-2. Characteristics of Vibrio cholerae
Classification
method Epidemic-associated
Not
epidemic-associated
Serogroups 01 Non-01 (>130 exist)
Biotypes Classical, El Tor Biotypes not applicable 
to non-01 strains
Serotypes Inaba, Ogawa, 
Hikojima
These 3 serotypes not 
applicable to non-01 
strains
Toxin Produce cholera 
toxin3
Usually do not produce 
cholera toxin; 
sometimes produce 
other toxins
Nontoxigenic 01 strains exist, but are not epidemic-associated.
1. Serogroups of V. choleraeCurrently, there are more than 130 serogroups of V. cholerae, based on the presence of somatic O antigens. However, only the 01 serogroup is as­sociated with epidemic and pandemic cholera. Other serogroups may be associated with severe diarrhea, but do not possess the epidemic poten­tial of the 01 isolates and do not agglutinate in 01 antisera. Isolation of V. cholerae non-01 from environmental sources in the absence of diar­rheal cases is common. Laboratories may choose not to report the isola­tion of V. cholerae non-01 when investigating cholera epidemics, since health care providers or public health officials may be unaware of the im­portant epidemiologic differences between 01 and non-01 isolates. The name “Vibrio cholerae" on a laboratory report may incorrectly imply that a non-01 isolate is of epidemiologic importance. Confusion may be elimi­nated by reporting only whether V. cholerae serogroup 01 was or was not isolated.
2. Serotypes of V. cholerae 01Isolates of the 01 serogroup of V. cholerae have been further divided into three serotypes, Inaba, Ogawa, and Hikojima (very rare). Serotype identification is based on agglutination in antisera to type-specific O anti­gens (see Table VI-3). Identifying these antigens is valid only with sero­group 01 isolates. For this reason, Inaba and Ogawa antisera should never be used with strains that are negative with polyvalent 01 antisera. Isolates that agglutinate weakly or slowly with serogroup 01 antisera but do not agglutinate with either Inaba or Ogawa antisera are not con­sidered to be serogroup 01.
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Table VI-3. Identifying characteristics of serotypes of 
V. cholerae serogroup 01
Agglutination in absorbed serum
Serotype Major O factors 
present
Ogawa Inaba
Ogawa A, B +
Inaba A, C +
Hikojima A, B, C + +
Strains of one serotype frequently cross-react slowly and weakly in an­tiserum to the other serotype, depending on how well the serotype-spe­cific antisera have been absorbed. Agglutination reactions with both Inaba and Ogawa antisera should be examined simultaneously, and the strongest and most rapid reaction should be used to identify the serotype. With adequately absorbed antisera, strains that agglutinate very strongly and equally with both the Ogawa and Inaba antisera are rarely, if ever, encountered. If such reactions are suspected, the strains should be re­ferred to a reference laboratory for further examination and may be referred to as “possible serotype Hikojima.”
3. Slide agglutinationAgglutination tests for V. cholerae somatic O antigens may be carried out in a petri dish or on a clean glass slide. An inoculating needle or loop, or sterile applicator stick, or tooth pick is used to remove a portion of the growth from the surface of a heart infusion agar (HIA), Kligler’s iron agar (KLA), triple sugar iron agar (TSI), or other nonselective agar medium. Emulsify the growth in a small drop of physiological saline and mix thor­oughly by tilting back and forth for about 30 seconds. Examine the sus­pension carefully to ensure that it is even and does not show clumping due to autoagglutination. If clumping occurs, the culture is termed “rough” and cannot be serotyped. If the suspension is smooth (turbid and free-flowing), add a small drop of antiserum to the suspension. Usually approximately equal volumes of antiserum and growth suspension are mixed, but the volume of suspension may be as much as double the vol­ume of the antiserum. To conserve antiserum, volumes as small as 10 p.1 can be used. Mix the suspension and antiserum well and then tilt slide back and forth to observe for agglutination. If the reaction is positive, very strong clumping will appear within 30 seconds to 1 minute (Figure VI-1).
\
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Figure VI-1. Antisera to the 01 serogroup of V. cholerae will agglutinate homologous 
organisms (left). A normal serum or saline control (right) does not show agglutination.
Table VI-4. Biochemical characteristics of typical isolates of V. cholerae 01
Test % positive
Oxidase 100
String test 100
Kligler’s iron agar K/A, no gas,
Triple sugar iron agar A/A, no gas,
Glucose3 (acid production) 100
Glucose (gas production) 0
Sucrose (acid production) 100
Lysine3 99
Arginine3 0
Ornithine3 99
Growth in 0% NaClb 100
Growth in 1% NaClb 100
Voges-Proskauer3 75c
a Modified by the addition of 1 % NaCI. 
b Nutrient broth base (Difco Laboratories)
c Most isolates of V. cholerae serotype 01 biotype El Tor are positive in the VP test, whereas 
biotype classical strains are negative.
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B. Biochemical Identification of V. choleraeSince confirmation of V. cholerae 01 requires only identification of the 01 serotype antigens by slide agglutination, biochemical confirmation is only infrequently necessary (see Chapter II, “The Role of the Public Health Laboratory.”) The tests listed in Table VI-4 constitute a short se­ries of biochemicals that may be used to confirm isolates of V. cholerae. If the results of tests with an isolate are the same as those shown in Table VI-4, the identity of the isolate is confirmed as V. cholerae. However, if the isolate does not give results as shown in the table, additional tests will be necessary for identification. See Chapter XI, “Preparation of Me­dia and Reagents,” for instructions for preparing media and reagents for the biochemical tests shown in Table VI-4. The use of KIA or TSI, the oxi­dase and “string” tests, and arginine or lysine reactions may be helpful for screening isolates resembling V. cholerae. Screening procedures for fecal and environmental specimens are discussed in Chapters IV and V.
1. Oxidase testConduct the oxidase test with fresh growth from an HIA slant or any non-carbohydrate-containing medium. Do not use growth from thiosulfate citrate bile salts sucrose (TCBS) agar. Place 2 to 3 drops of oxidase re­agent (1% tetramethyl-p-phenylenediamine) on a piece of filter paper in a petri dish. Smear the culture across the wet paper with a platinum (not nichrome) loop, a sterile wooden applicator stick, or toothpick. In a posi­tive reaction, the bacterial growth becomes dark purple within 10 seconds (Figure VI-2). Color development after 10 seconds should be disregarded. Positive and negative controls should be tested at the same time. Organ­isms of the genera Vibrio, Neisseria, Campylobacter, Aeromonas, Plesio- monas, Pseudomonas, and Alcaligenes are all oxidase positive; all Enterobacteriaceae are oxidase negative.
2. String testThe string test may be performed on a glass microscope slide or plastic petri dish by suspending 18- to 24-hour growth from HIA or other nonin- hibitory medium in a drop of 0.5% aqueous solution of sodium deoxycho- late. If the result is positive, the bacterial cells will be lysed by the sodium deoxycholate, the suspension will lose turbidity, and DNA will be released from the lysed cells causing the mixture to become viscous. A mucoid “string” is formed when an inoculating loop is drawn slowly away from the suspension (Figure VI-3). Most vibrios are positive, whereas Aeromonas strains are usually negative.
3. Kligler’s iron agar or triple sugar iron agarKIA and TSI are carbohydrate-containing screening media widely used in diagnostic microbiology. While similar in use, the two media vary in the carbohydrates they contain. The reaction of V. cholerae on KIA, which contains glucose and lactose, is similar to those of non-lactose-fer-
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Figure VI-2. A positive oxidase test (as shown here) results in the development of a 
dark purple color within 10 seconds. V. cholerae is oxidase-positive, which differenti­
ates it from oxidase-negative organisms such as the Enterobacteriaceae.
Figure VI-3. A positive string test, shown here with V. 
cholerae, is a rapid and simple method for distinguish­
ing between the genus Vibrio (mostly positive) and 
Aeromonas (nearly always negative).
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meriting Enterobacteriaceae (K/A, no gas, no H2S) (Figure VI-4). TSI, which contains sucrose in addition to glucose and lactose, gives reactions of A/A, no gas, and no H2S. KIA or TSI slants are inoculated by stabbing the butt and streaking the surface of the medium. Slants should be incu­bated at 35° to 37°C and examined after 18 to 24 hours. Caps on all tubes of biochemicals should be loosened before incubation, but this is particu­larly important for KIA or TSI slants. If the caps are too tight and anaero­bic conditions exist in the KIA or TSI tube, the characteristic reactions of V. cholerae may not be exhibited and an inappropriate reaction will occur.
4. CarbohydratesGlucose and sucrose broths should be inoculated lightly from fresh growth. The broths should be incubated at 35° to 37°C and read at 24 horns. If fermentation tests are negative at 24 hours, they should be incu­bated for up to 7 days. Acid production is indicated by a pink color when Andrade indicator is used in the medium (Figure VI-5). V. cholerae fer­ments both glucose and sucrose but does not produce gas in either carbo­hydrate.
5. Decarboxylase/dihydrolase reactionsArginine, lysine, ornithine, and control (without amino acid) broths modified by the addition of 1% NaCl should be inoculated lightly from a fresh culture. The broth in each tube should be overlayed with 4 to 5 mm of sterile mineral oil. Incubate at 35° to 37°C and read at 24 and 48 hours, but if the test is negative it should be incubated for up to 7 days. When bromcresol purple and cresol red are used as indicators, an alkaline (posi­tive) reaction is purple, while a negative or acid reaction is indicated by a yellow color (Figure VI-6). The test is valid only if the control tube stays negative (yellow). V. cholerae is typically positive for lysine decarboxylase, while certain other Vibrio spp. are negative and Aeromonas spp. are vari­able. V. cholerae is typically negative for arginine dihydrolase, while Aero­monas, Plesiomonas, and certain other Vibrio spp. are positive. V. cholerae is positive for ornithine decorboxylase.
Lysine iron aga r a n d  argin ine glucose slan tA lysine iron agar (LIA) slant may be used instead of lysine broth (above) to test for the production of lysine decarboxylase; similarly, an ar­ginine glucose slant (AGS; U.S. Food and Drug Administration. Bacterio­logical Analytical Manual, 6th ed. Arlington, Virginia: Association of Official Analytical Chemists, 1992) may be used instead of arginine broth to test for the production of arginine dihydrolase. These slants are used most frequently as part of a screening procedure (see Chapters IV and V). LIA and AGS should be inoculated by stabbing the butt and streaking the slant. Organisms that produce lysine decarboxylase in LIA (or arginine di­hydrolase in AGS) cause an alkaline reaction (purple color) throughout the medium. Organisms without these enzymes typically produce an alka-
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Figure VI-4. Reactions of V. cholerae in Kligler’s iron agar (left) and tri
pie sugar iron agar (right).
Figure VI-5. With Andrade indicator in the carbo­
hydrate medium, a pink color develops if fermen­
tation has occurred, while negative reactions 
appear yellow.
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line slant (purple) and an acid butt (yellow). V. cholerae gives a K/K reac­tion in LIA (lysine positive) but produces a K/A reaction (arginine nega­tive) in AGS.
6. Salt brothsThe 0% and 1% salt broths (nutrient broth base [Difco Laboratories, Detroit, Michigan]; see Chapter XI, “Preparation of Media and Reagents,” for special instructions for preparation of salt test broths) should be inocu­lated very lightly from fresh growth. The inoculum should be light enough to prevent visible turbidity before incubation of the broths. The broths are incubated at 35° to 37°C and read at 18 to 24 hours. In the absence of overnight growth, they may be incubated for up to 7 days (Figure VI-7).
7. Voges-Proskauer testThe CDC reference laboratory uses a modification of the Voges Proskauer test procedure that increases its sensitivity with the vibrios. In this modification, the test medium (MR-VP broth) incorporates 1% NaCl, reagent A consists of 5% alpha-naphthol in absolute ethanol, and reagent B is a solution of 0.3% creatine in 40% KOH (potassium hydroxide). The test organism is incubated in MR-VP broth for 48 hours before reagents A and B are added. A cherry red color indicates a positive reaction (Figure VI-8).
Figure VI-6. Decarboxylase and dihydrolase reactions for V. cholerae are, from left to 
right, lysine (+), arginine (-), ornithine (+), and control (-).
v
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Figure VI-7. V. cholerae 
grows in the absence of 
NaCI (tube B), but growth 
is stimulated by the addi­
tion of 1% NaCI (tube A). 
Tube C, 0% NaCI, inocu­
lated with V. para- 
haemolyticus, shows no 
growth.
A B C
Figure VI-8. V. cholerae 
produces acetoin, which 
is detected in the Voges- 
Proskauer test, giving a 
red (positive) reaction 
(left). A negative reaction 
is on the right.
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8. Susceptibility to vibriostatic compound 0/129Susceptibility to 2,4-diamino-6,7-diisopropyl-pteridine phosphate (re­ferred to as 0/129 or vibriostatic compound) has been recommended and used as a primary means for differentiating between Vibrio (which are sensitive to 0/129) and Aeromonas (resistant to 0/129). While most iso­lates of V. cholerae have been sensitive to 0/129, several recent reports have described clinical and environmental isolates that were resistant to this compound. In these reports V. cholerae 01 and non-01 isolates were resistant to 10 and 150 pg of 0/129, thus resembling Aeromonas. Caution should be exercised when relying on this test.
C. Hemolysis TestingHistorically, the classical and El Tor biotypes were differentiated by the ability of the El Tor group to lyse erythrocytes. However, by 1972 al­most all El Tor isolates worldwide were nonhemolytic. The two exceptions to this trend have been the U.S. Gulf Coast and the Australia clones of V. cholerae 01, which are strongly hemolytic when assayed by either the plate or tube hemolysis assay (Table VI-5). For this reason, hemolysis continues to be a useful phenotypic characteristic for differentiating the Gulf Coast and Australia clones of V. cholerae 01 from El Tor strains from the rest of the world, including Latin America.
1. Plate hemolysisBlood agar plates containing 5% to 10% sheep blood should be streaked to obtain isolated colonies. Plates should be incubated at 35° to 37°C for 18 to 24 hours. Hemolytic colonies should have clear zones around them where red blood cells have been totally lysed, and a sus­pected hemolytic strain should be compared with a strongly hemolytic con-
Table VI-5. Hemolytic activity of V. cholerae 01 
classical and El Tor biotypes
Biotype/location Hemolytic activity
Classical Negative
El Tor/Australia Strongly positive
El Tor/US Gulf Coast Strongly positive
El Tor/Latin America Negative
El Tor/Asia, Africa, Europe, 
Pacific3
Negative
a Strains isolated between 1963 and 1992.
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trol strain (Figure VI-9). Strains that give incomplete hemolysis (incom­plete clearing of the red blood cells) should not be reported as hemolytic.On aerobic sheep blood agar plates, nonhemolytic V. cholerae fre­quently produces greenish clearing around areas of heavy growth but not around well-isolated colonies. This phenomenon, often described as “hemodigestion,” is produced by metabolic by-products which are inhib­ited by anaerobic incubation of the blood agar plate. For this reason, when aerobic growth conditions are used, hemolysis should be deter­mined around isolated colonies, not in areas of confluent growth. Also, aerobic blood agar plates should be incubated for no more than 18 to 24 hours, since the hemodigestion effect is accentuated during longer incuba­tion periods.Aerobic incubation of the plate for no longer than 24 hours, although not optimal for detection of hemolysis, will permit differentiation of strongly hemolytic strains, such as the U.S. Gulf Coast and Australia clones, from the nonhemolytic Latin American strains. If the results of the plate hemolysis assay are not conclusive, test the strain by the tube hemolysis method, which is less susceptible to misinterpretation than the plate method.
2. Tube hemolysis assayControls: Use two well-characterized strains of V. cholerae. One should be strongly hemolytic, the other nonhemolytic.1) Wash 20 ml of sheep erythrocytes in 25 ml of phosphate-buffered sa­line (PBS), 0.01 M, pH 6.8-7.2. Repeat twice for a total of 3 washes. Prepare a 1% (vol/vol) suspension of packed sheep erythrocytes in PBS.2) From fresh growth, inoculate test strains and controls into heart in­fusion broth (or Trypticase soy broth) with 1% glycerol (pH 7.4) and incubate at 35° to 37°C for 24 hours. After incubation, centrifuge to sediment bacterial cells; remove the supernatants with a Pasteur pipette.3) Divide the supernatants into two equal portions. One aliquot is heated to 56°C for 30 minutes. Make serial twofold dilutions of both the heated and unheated supernatants in PBS (dilute to 1:1,024).4) Add 0.5 ml of the 1% suspension of sheep erythrocytes in PBS to 0.5 ml of each dilution of supernatant.5) Incubate in a water bath at 37°C for 2 hours. Remove the suspen­sions from the water bath, and hold overnight at 4°C.6) Examine for evidence of hemolysis. Nonhemolyzed red blood cells will settle to the bottom of the test tube and form a “button” (Figure VI-10). No button will be present if the cells are lysed by hemolysin. Hemolysin titers should be recorded as the highest dilution at which complete hemolysis has occurred.
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Figure VI-9. A hemolytic strain of V. cholerae on a sheep blood agar plate.
Figure VI-10. Tube hemolysis, shown in the tube on the left, is demonstrated by the 
absence of a “button” of sedimented cells and the presence of free hemoglobin in the 
supernatant.
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Table VI-6. Differentiation of classical and El Tor biotypes of V. 
cholerae serogroup 01
Reaction
Property Classical El Tor
Voges-Proskauer (modified, 
with 1% NaCI)
- +
Zone around polymyxin B 
(50 U)
+
Agglutination of chicken 
erythrocytes
Lysis by bacteriophage:
+
Classical IV + -
El Tor V - +
7) Compare results of the heated and unheated supernatants. Heated tubes should show no hemolysis, since the hemolysin of V. cholerae is heat-labile, and if present, is inactivated by the 56°C incubation (step 3, above). Titers of 2 to 8 are considered intermediate, and tit­ers of 16 or above are strongly positive.
D. Tests for Determining Biotypes of V. cholerae 01The differentiation of V. cholerae Ol into classical and El Tor biotypes is not necessary for control or treatment of patients, but may be of public health or epidemiologic importance in helping identify the source of the infection, particularly when cholera is first isolated in a country or geo­graphic area. Only limited numbers of carefully selected isolates should be biotyped. Biotyping is not appropriate for V. cholerae non-01, and the tests can give atypical results for nontoxigenic V. cholerae 01. The tests shown in Table VI-6 are commonly used in determining the biotype of V. cholerae Ol. At least two or more of these tests should be used to deter­mine biotype, since results can vary for individual isolates.The El Tor biotype is currently predominant throughout the world and is the only biotype that has been isolated in the Western Hemisphere.The classical biotype is seen only rarely in most places, with the exception of Bangladesh.
1. Voges-Proskauer testThe Voges-Proskauer test has been used to differentiate between the El Tor and classical biotypes of V. cholerae Ol. Classical biotypes usually give negative results; El Tor isolates are generally positive.
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2. Polymyxin B sensitivitySensitivity to the antimicrobial agent polymyxin B has been used to differentiate the biotypes of V. cholerae 01 (see Section E in this chapter for a description of antimicrobial susceptibility testing procedures). A 50- unit polymyxin B disk (Mast Diagnostics, Merseyside, U.K.) is used for this test, and known strains of classical and El Tor biotypes are used as controls. The El Tor biotype is usually resistant to this concentration of polymyxin B and will not give a zone of inhibition (Figure VI-11). If there is any doubt about the result of this test, other biotyping tests should be performed or the isolate should be sent to a reference laboratory for confir­mation. Classical strains are usually sensitive to polymyxin B and will give a zone of inhibition. Because the zone size is not important, any zone is interpreted as a positive result.
3. Hemagglutination (direct test)Fresh chicken or sheep red blood cells can be used for this assay. A 2.5% (vol/vol) suspension of washed (3 times) and packed (by centrifuga­tion) cells is made in normal saline after the final wash. A large loopful of the red cell suspension is placed on a glass slide. A small portion of the growth from a nonselective agar slant is added to the red cells with a needle or loop and is mixed well. In a positive test, agglutination of the red cells occurs within 30 to 60 seconds (Figure VI-12). Hemagglutinating (El Tor) and nonhemagglutinating (classical) control strains should be used with each new suspension of red cells. Strains of classical V. chol­erae 01 that have aged in the laboratory or have undergone repeated pas­sage in broth may cause hemagglutination and should not be used as controls.
4. Bacteriophage susceptibilityBiotype may be determined by the susceptibility of an isolate of V. cholerae serogroup 01 to a specific bacteriophage. Classical strains of V. cholerae 01 are sensitive to cholera bacteriophage “Classical IV”; El Tor isolates are susceptible to bacteriophage “El Tor 5.” Although these tests are very reliable, the propagation, storage, and use of bacteriophage is technically demanding and is usually performed in only a few reference laboratories. If biotype determination by bacteriophage susceptibility is needed, it should be performed by a laboratory that uses this method routinely.The use of bacteriophage in the biotyping of V. cholerae 01 is briefly described as follows. The isolate to be tested is grown overnight in pure culture on a noninhibitory medium. From the overnight growth, brain heart infusion broth (or Trypticase soy broth) is inoculated and incubated for 6 hours at 35° to 37°C. A lawn of bacteria in log-phase growth (OD = 0.1) is then seeded onto the surface of a brain heart infusion agar plate by dipping a cotton swab into the 6-hour broth and lightly inoculating (swab­bing) the entire surface of the plate. Positive and negative control strains
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Figure VI-11. The El Tor strain of V. cholerae 01 on the left is resistant to the action 
of the antimicrobial agent polymyxin B (50 unit disk). A classical strain of V. cholerae 
01, on the right, shows a characteristic zone of inhibition.
Figure VI-12. V. cholerae 01 biotype El Tor agglutinates sheep red blood cells as 
shown on the left. The classical biotype of V. cholerae 01 on the right does not 
agglutinate red blood cells.
\
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should also be included. A drop of the bacteriophage diluted to routine test dilution (a measure of concentration of active bacteriophage parti­cles) is applied to the bacterial lawn. The plate is incubated overnight and read the next day. If the bacteria are susceptible to the bacteriophage, they will be lysed, and there will be a zone of lysis in the bacterial lawn.
E. Antimicrobial Susceptibility Test (Agar Disk Diffusion Method)Because antimicrobial resistance has been a growing problem in some parts of the world, the susceptibility of V. cholerae Ol strains to anti­microbial agents should be monitored periodically. Although the disk diffusion technique is the most commonly used method for antimicrobial susceptibility testing, interpretive criteria have not been established for V. cholerae 01, and the method’s reliability for this organism is unknown. To ensure the accuracy of susceptibility results for V. cholerae 01, agar or broth dilution methods should be used. Refer to the Manual of Clinical Mi­crobiology (6) for a description of these procedures. If a laboratory cannot routinely perform one of the dilution techniques, the disk diffusion method may be used to screen for antimicrobial resistance. Table VI-7 lists the interpretive criteria for the antimicrobial agents that are cur­rently recommended by the World Health Organization for treatment of cholera (tetracycline, doxycycline, furazolidone, trimethoprim-sul­famethoxazole, erythromycin, and chloramphenicol) as well as some other commonly used antimicrobial drugs. These criteria, which have been standardized for the Enterobacteriaceae, may be used as tentative zone size standards for screening for antimicrobial resistances in V. cholerae 01 until interpretive criteria have been validated. When the disk diffu­sion method is used for screening, any isolates that fall within the inter­mediate or resistant ranges should be tested with a dilution method to obtain the minimum inhibitory concentration of the drug in question.
Procedure for aga r d isk  diffusionFor a more complete description of this method, refer to the Manual of Clinical Microbiology (4).Mueller Hinton agar medium should be prepared and autoclaved ac­cording to the manufacturer’s directions. After the agar has been cooled to approximately 50°C in a water bath, the medium should be poured into 15 X 150-mm petri dishes to a depth of 4 mm (approximately 60 to 70 ml per plate). Dry the plates in an incubator for 10 to 30 minutes before use.Prepare a 0.5 McFarland turbidity standard by adding 0.5 ml of 1.175% (wt/vol) barium chloride dihydrate (BaCl2»2H20) solution to 99.5 ml of 1% sulfuric acid. The turbidity standard should be in a test tube identical to the one to be used to grow the test organism in broth. The McFarland standard should be sealed with wax, Parafilm, or some other means to prevent evaporation, and may be stored for up to 6 months at room temperature (22° to 25°C) in the dark.
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Table VI-7. Zone size interpretative standards for the Enterobacteriaceae for selected antimicrobial 
disks (not validated for V. cholerae 01)
Zone diameter (mm)a
Antimicrobial agent
Disk
potency (pg) Resistant Intermediate Sensitive
Zone diameter limits (mm) 
E. coli ATCC 25922
Chloramphenicol 30 <12 13-17 >18 21-27
Doxycycline 30 <12 13-15 >16 18-24
Erythromycin 15 <13 14-22 >23 8-14b
CO Furazolidone 100 <13 14-17 >18 22-26c
Trimethoprim-
sulfamethoxazole
1.25/
23.75 <10 11-15 >16 24-32
Tetracycline 30 <14 15-18 >19 18-25
- Ciprofloxacin 5 <15 16-20 >21 30-40
Nalidixic acid 30 <13 14-18 >19 22-28
a Source: National Committee on Clinical Laboratory Standards (NCCLS), 1992. Zone sizes for V. cholerae have not been established by 
NCCLS.
b Source: World Health Organization. 
c Source: Manufacturer.
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Each culture to be tested should be streaked onto a noninhibitory agar medium (blood agar, brain heart infusion agar, or Trypticase soy agar) to obtain isolated colonies. After incubation at 35° to 37°C overnight, select well-isolated colonies with an inoculating needle or loop and transfer the growth to a tube of sterile broth (Mueller-Hinton broth, heart infusion broth, or Trypticase soy broth). Emulsify a sufficient quantity of bacterial growth in the broth so that the turbidity approximates that of the 0.5 McFarland standard. This comparison can be made more easily if the tubes are viewed against a sheet of white paper on which sharp black lines are drawn. If necessary, turbidity can be reduced by adding sterile broth. Within 15 minutes after adjusting the turbidity of the inoculum suspension, dip a sterile nontoxic swab into the suspension. Pressing firmly against the inside wall of the tube just above the fluid level, rotate the swab to remove excess liquid. Streak the swab over the entire surface of the medium 3 times, rotating the plate approximately 60 degrees after each application to ensure an even distribution of the inoculum. Finally, swab all around the edge of the agar surface.The working supply of antimicrobial disks should be kept in the refrig­erator. After removal from the refrigerator, the containers should be left unopened at room temperature for approximately 1 hour to allow the tem­perature to equilibrate. This reduces the amount of condensation that occurs when warm air reaches the cold container. If a disk-dispensing ap­paratus is used, it should have a tight-fitting cover, be stored in the refrig­erator, and be allowed to warm to room temperature before using. The antimicrobial disks should be applied to the plates as soon as possible, but no longer than 15 minutes after inoculation. After the disks are placed on the plate, the plate should be placed in an incubator at 35°C for 16 to 18 hours.After overnight incubation, the diameter of the zones of complete inhi­bition (including the diameter of the disk) is measured and recorded in millimeters. The measurements can be made with a ruler on the under­surface of the plate without opening the lid. With sulfonamides and trimethoprim-sulfamethoxazole, a slight amount of growth may occur within the inhibition zone. In this instance, slight growth (80% inhibition) should be ignored and the zone diameter should be measured to the mar­gin of heavy growth. The zones of growth inhibition should be compared with the zone-size interpretative table (see Table VI-7), and recorded as susceptible, intermediate, or resistant to each drug tested.Susceptibility tests are affected by variations in media, inoculum size, incubation time, temperature, and other factors. To obtain reliable test re­sults, it is important to include control organisms with each test and to fol­low the procedure precisely (see Table VI-7 for diameters of the zones of inhibition for the quality control strain). A decrease in potency of the disks after storage may be indicated by a decrease in the size of the inhibi­tion zone around the control strain.
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VII. Detection of Cholera Toxin
A. Mode of Action of Cholera ToxinThe production of cholera toxin (CT) is an essential virulence property of epidemic strains of Vibrio cholerae 01. Each CT molecule is composed of five B (binding) subunits and one A (active) subunit. The B subunits bind to Gmi ganglioside receptors on epithelial cells of the intestinal mu­cosa. After attachment, cleavage occurs between the A subunit and the A2 component, facilitating entry of the A1 component into the cell. The A1 component stimulates the production of the enzyme adenylate cyclase, which is responsible for the production of cyclic AMP (cAMP). Increased intracellular levels of cAMP result in a disruption of the active transport of electrolytes across the cell membrane, which hinders fluid absorption and leads to fluid secretion into the small intestine. When the volume of the fluid entering the colon from the small intestine is greater than its re- absorptive capability, diarrhea occurs. CT is very similar to Escherichia coli heat-labile enterotoxin (LT), both antigenically and in mechanism of action; therefore, most of the toxin assays for detection of CT are also applicable to LT, and vice-versa.
B. Indications for Testing for CT ProductionThe value of routine CT testing in a diagnostic laboratory varies with the epidemiology of cholera in a specific country or community. During an outbreak of cholera, the isolation of V. cholerae possessing the 01 antigen from symptomatic patients correlates well with toxin production and viru­lence, and there is no need to routinely test isolates for CT. This is also true in most endemic cholera situations with a reasonably high frequency of disease. However, in endemic disease settings where the incidence of cholera is low or in the early stages of an outbreak, most V. cholerae 01 strains isolated from diarrheal stool should be tested for toxin. (See Chap­ter II, “The Role of the Public Health Laboratory,” for a discussion of when it is necessary to test isolates for cholera toxin production.) Since nontoxigenic V. cholerae 01 strains are occasionally encountered in envi­ronmental specimens (particularly marine and estuarine waters), all food or environmental V. cholerae 01 isolates should be tested for cholera toxin production after the identification has been confirmed.Before testing for toxin, the identity of isolates as V. cholerae 01 should be confirmed. Non-01 V. cholerae strains may produce CT or other toxins such as heat-stable enterotoxin or Shiga-like toxin, but these strains are very rare and have not been associated with epidemic disease. Therefore, there seems to be little public health benefit in testing spo­radic isolates of non-01 V. cholerae for CT or other possible toxins.Although both clinical and public health needs warrant at least some CT assays, those needs are usually most efficiently and economically met
\
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at the reference laboratory level. Laboratories should select the most ap­propriate method for their needs and capabilities.
C. Historical Overview of CT Assay MethodsThere are several approaches to assaying for cholera toxin, including tests for toxin activity, toxin antigens, and toxin-coding genes. The selec­tion of a specific assay depends on the training, experience, and facilities available to the laboratory. Table VII-1 summarizes important charac­teristics of some of the more common assays used for detecting cholera toxin.
1. Bioassays
Anim al methodsIn the early 1950s, investigators discovered that injection of entero- toxin preparations into ligated segments of intestine (ileal loops) of rab­bits (and later other animals including pigs, dogs, and calves) caused accumulation of fluid. This discovery resulted in the development of the first cholera enterotoxin assay, the adult rabbit ileal loop, which before the 1970s was the most widely used assay for CT. This model has been used extensively to study the mechanisms of action of CT, E. coli LT, and other enterotoxins. After exteriorization and ligation of the rabbit’s small intestine, a cell-free supernatant is injected into each ileal loop and the abdomen is closed for 18 hours. The rabbit is then euthanized, the intes­tine removed, and the loops measured and weighed to determine the amount of fluid accumulation stimulated by the toxin. Results are ex­pressed as volume of fluid per length of intestinal loop. This test is not only excessively stressful for the animals but is also time-consuming, cum­bersome, and difficult to standardize. The test is relatively expensive in terms of numbers of animals required, since only about 8 to 14 super­natants may be tested per animal, not including positive and negative con­trols; also, each set of supernatants must be done in duplicate animals, and the orientation of supernatants must be reversed from one animal to the next.The infant rabbit infection model was developed in 1955 and can be used for assay of both V. cholerae and E. coli enterotoxins. Seven-day-old infant rabbits are infected with the test organism by gastric intubation or by direct intragastric or intralumenal (small intestine) injection. The ani­mals are observed for watery diarrhea and eventual death due to dehydra­tion. Alternatively, after a 7-hour incubation period, the animals are killed; the intestines are removed and the fluid volume is measured per centimeter of intestine. The drawbacks to the infant rabbit method are the variability of results and the expense of using one animal for every isolate to be tested.
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Table VII-1. Commonly used methods for detection of cholera toxin
Assay Sensitivity (per ml) Type of assay
Specific target 
of assay Sample tested
Rabbit ileal loop 30 ng Bioassay Stimulation of fluid 
accumulation
Culture supernatant
Infant rabbit assay 250-500 ng Bioassay Stimulation of fluid 
accumulation
Broth culture or 
supernatant
Rabbit skin test 0.1-3.5 ng Bioassay Permeability factor Culture supernatant
Y1 mouse adrenal cells 10 pg Bioassay Accumulation of cAMP Culture supernatant
Chinese hamster ovary cells 10 pg Bioassay Accumulation of cAMP Culture supernatant
Gmi-ELISA 10 pg Immune B subunit Culture supernatant
Coagglutination 50 nga Immune B subunit Culture lysates
Reverse passive latex 
agglutination
1-2 ng Immune B subunit6 Culture supernatant
DNA probe Detects ctx  gene Genetic ctx gene DNA (colony blot)
PCR Detects ctx  gene Genetic ctx  gene DNA (crude cell 
lysate)
a Sensitivity for detection of cholera toxin using antiserum to E. coli heat-labile enterotoxin. 
b B-subunit of cholera toxin molecule.
Detection of Cholera Toxin
Detection of Cholera Toxin
The rabbit skin test, or vascular permeability factor assay, has been used to detect either CT or LT activity, with the specificity of the assay determined by the neutralization of activity by a standardized amount of antisera against CT. A cell-free culture supernatant of V. cholerae or E. coli and dilutions of antisera are injected intradermally into the shaved back of a young adult rabbit. Approximately 30 to 40 supernatants may be tested per rabbit. This is followed 18 hours later by an intravenous in­jection of Evans blue dye. CT-mediated increased capillary permeability leads to perfusion of the dye in the skin (bluing reaction), with localized induration at the injection sites. The area of “bluing” is measured relative to a negative control. This procedure permits the assay of 30 to 40 cul­tures per rabbit and is thus more economical in terms of numbers of ani­mals required than other animal systems such as the infant rabbit and ileal loop assays.
Tissue culture m ethodsTissue culture methods are very sensitive and reproducible and have been used extensively to assay for toxin production. The action of toxin on cells in culture has allowed successful investigation of the molecular basis of pathogenicity. In addition, these assay systems can be used to detect CT-neutralizing antibody. However, tissue culture methods require skilled workers and special reagents and equipment. These are tech­niques best suited for use in laboratories with existing tissue culture facilities.The Y1 mouse adrenal (Yl) and Chinese hamster ovary cell cultures have been the standard tests for detecting CT and LT, although other cell lines, including Vero monkey kidney cells, are also sensitive. The CT or LT, if present in the bacterial culture supernatants added to the cells, stimulates the production of adenylate cyclase, which elevates the intra­cellular concentration of cAMP. The increased amounts of cAMP result in a morphologic response that can be seen under the microscope (CHO cells elongate and Yl cells become rounded). Positive reactions may be con­firmed by neutralization of the toxic effects in cell culture with antiserum to CT (or LT) or with ganglioside Gm i, which is the receptor site for CT and LT in host cell membranes and thus binds either of these toxins. For the toxin assay, a suspension of Y-l cells is dispensed into 96-well mi­crotiter plates. Usually, one 75-cm2 flask of Y-l cells is sufficient to seed up to 25 microtiter plates. Each microtiter plate may be used to test as many as 60 supernatants (30 supernatants if performed in duplicate) if the outside wells of the plate are not used.
2. Immunoassays 
ELISACT is highly immunogenic for humans and laboratory animals. As a result, many immunologic techniques have been developed for detecting
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CT. The discovery that Gmi ganglioside is the natural receptor for CT and LT and its subsequent purification led to the development of a gan- glioside-capture enzyme-linked immunosorbent assay (Gmi-ELISA) for the detection of these toxins. To perform the Gmi-ELISA, culture super­natants are added to microtiter plate wells coated with Gmi ganglioside. Toxin bound to the Gmi receptors is then detected by adding antiserum to CT, followed by enzyme-conjugated antiglobulin antibody. Instead of us­ing Gmi to coat the plate, a second antibody may be used to bind CT. If 96- well microtiter plates are used for the toxin assay, 30 supernatants may be tested in duplicate per microtiter plate (the outside wells are not usu­ally used to test supernatants).
C oagglutinationBecause many strains of Staphylococcus aureus have an outer coat of protein A that can directly combine with IgG, serologic reagents have been prepared in which a specific IgG antibody is adsorbed onto the sur­face of staphylococcal cells for use in an agglutination reaction. The test reagent is relatively inexpensive to prepare but requires a specific anti- CT (or anti-LT) antibody. Coagglutination for E. coli LT is rapid and sim­ple to perform and requires little specialized laboratory equipment or training of laboratory personnel; however, this test has never been used to detect CT from culture supernatants or lysates of V. cholerae 01.
Latex agglu tinationThe latex agglutination test uses specific anti-CT or anti-LT bound to latex particles. The latex agglutination technique requires high quality antiserum or purified antibodies, a suitable latex preparation, and read­ily available laboratory supplies. A commercial version of this test is avail­able in kit form and is described later in this chapter.
3. DNA-based Assays
DNA probesMolecular tests that identify pathogenic microorganisms based on DNA sequences unique to the pathogen have many applications in diag­nostic and public health microbiology. Specific DNA sequences within the cholera toxin gene(s) have been used as probes to detect homologous DNA sequences in toxigenic V. cholerae isolates. In practice, a variety of DNA molecules can be used as probes, including cloned DNA, restriction frag­ments of cloned DNA, polymerase chain reaction-generated DNA ampli- cons, and oligonucleotides. The probe is first labeled with an easily detectable molecule, such as a radioisotope, an enzyme, or a ligand, and is then hybridized to DNA from the test organism. The probe hybridizes only to those organisms containing homologous sequences. Nonhybridized probe is washed away, and the remaining hybridized probe is detected in a specific assay.
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Polym erase chain reaction  (PCR)A second approach to molecular diagnostic tests that are based on spe­cific DNA sequences is PCR. In PCR, the enzyme DNA polymerase is used to synthesize or amplify multiple copies of a specific DNA sequence (ampli- con), which can then be detected on an agarose gel or with DNA probes. The DNA amplicon is defined by the location of two short, specific DNA oligonucleotides that bracket the sequence of interest and are used as primers by the DNA polymerase. Like DNA probes, the target for a PCR test is a virulence gene or DNA sequence that is unique to a pathogen.The toxigenicity of a V. cholerae isolate can be tested using PCR and prim­ers that specifically amplify only CT genes. PCR has the advantages of be­ing a very rapid technique that does not require pure cultures or even viable organisms. Some PCR tests can amplify DNA segments directly from stool, food, or environmental specimens; thus, the presence of an or­ganism in a specimen can be determined without culturing the organism. Also, PCR has applications in other molecular techniques. It can be used to rapidly produce labeled DNA probes for restriction fragment length polymorphism (RFLP) analysis and colony blots.The sensitivity and specificity of DNA-based assays provide an advan­tage over conventional methods. The use of DNA probes or PCR avoids the difficulties encountered with V. cholerae strains that do not express CT at detectable levels but possess ctx genes. The use of nonradioactive DNA labels, such as biotin and digoxigenin, has eliminated the technical problems associated with radioisotopic labels. While DNA-based diagnos­tic tests require specific training in molecular methods and more expen­sive reagents, the advantages of simplicity, sensitivity, safety, and stability have made DNA-based techniques invaluable to research and clinical laboratories.
D. Production of CT for Laboratory AssaysOptimal growth conditions for V. cholerae do not always correspond with optimal CT production in vitro. The optimal conditions for CT produc­tion vary according to the medium used. For this reason, specialized me­dia have been developed for production of CT. In general, an incubation temperature of 30°C has been found to be superior to 37°C for toxin pro­duction with V. cholerae of either biotype. With El Tor strains, using Craig’s medium, the best combination of time and temperature is 30°C for 48 hours without aeration. For classical biotype strains, 30°C with vigor­ous shaking for 48 hours provides the best yield of toxin. If 37°C incuba­tion temperatures must be used, AKI medium is recommended. Although AKI allows the production of CT at 37°C, it has the disadvantage of hav­ing a short shelf life and must be prepared weekly. V. cholerae El Tor grown in AKI medium should be incubated at 37°C for 20 hours without shaking. AKI medium has not been evaluated for toxin production by clas­sical biotype strains.
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CT is actively exported by V. cholerae into the culture medium, unlikeE. coli LT, which is usually found in the periplasmic space. Antimicrobial agents such as polymyxin B or lincomycin, which enhance LT accumula­tion in media, have no effect on the release of CT. It is therefore unneces­sary to use either drug in media for production of CT.Most cholera toxin assays, both immunologic methods and bioassays, test for CT in culture supernatants. Assays for toxin activity require in­tact CT, whereas some antigenic assays only detect the B subunit of CT and do not require complete toxin. The growth conditions for CT produc­tion described below are recommended for optimal expression of complete (active) CT, as required by rabbit ileal loop, rabbit skin test, and tissue culture assays.
Production  o f  cholera toxin1) Streak cultures to be tested on a nonselective slant (such as heart in­fusion agar). Incubate overnight at 35°C to 37°C. Include four con­trol strains (two positive and two negative).2) Inoculate strains into 5 ml of Craig’s medium in 16 X 125-mm screw cap tubes. Keeping caps loose, incubate at 30°C for 48 hours without shaking. [Note: cultures may be tested after only 24 hours’ incubation, but 48 hours is optimal for CT production.]3) Centrifuge to sediment the bacterial cells and draw off supernatant with a Pasteur pipette. Store supernatant at 4°C until ready to test. Freeze at -70°C if the supernatant is to be to be stored for longer- than 7 days.
E. Y-1 Assay for CTThe Y-1 clone of mouse adrenal tumor cells is sensitive to concentra­tions of CT as low as 10 picograms per milliliter. However, Vibrio and other bacterial genera may produce extracellular heat-labile products that cause nonspecific rounding, which may be misinterpreted as being caused by CT. It is preferable to neutralize positive or doubtful reactions with specific antisera to the toxin or other specific binding substances such as Gmi ganglioside, the natural receptor for the toxin in cell mem­branes.
M aterials• CO2 incubator set at 37°C, 5.0% CO2• Laminar flow hood
• Inverted phase-contrast microscope• Sterile conical centrifuge tubes• Centrifuge• Sterile tissue culture flasks (75 cm growth area)
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• Sterile, flat-bottom, 96-well microtiter plates for tissue culture• Ham’s F-10 Nutrient Mixture (GIBCO Laboratories, Grand Island,N.Y.) with 15% horse serum, 2.5% fetal calf serum, and gentamicin (10 flg/ml)• 0.2% trypsin
Weekly procedures for tissue culture assay a n d  m aintenanceY-l adrenal cells are maintained in monolayer culture in Ham’s F-10 nutrient mixture. Routinely, tissue culture flasks with a 75-cin growth area are filled with 25 ml of medium and incubated at 37°C in a humidi­fied 5% CO2 atmosphere. All cell manipulations are done in a laminar flow hood, and cells are examined by using an inverted phase-contrast microscope.
Day 11) Porn- off the F-10 medium from the confluent monolayer (1 week of growth is usually required). Wash the cell monolayer with 5 ml sterile phosphate-buffered saline (PBS) and pour off.2) Add 1.5 ml of 0.2% trypsin to the flask, and leave the trypsin-covered monolayer at room temperature until cells begin to loosen from the plastic surface (5 to 10 minutes).3) Add 5 ml of F-10 medium to the flask to neutralize the trypsin. (The Ham’s F-10 is stored at 4°C, and should be brought to 37°C in a water bath before all medium changes and cell subcultures). If any monolayer remains, scrape it from the flask surface with a sterile rubber scraper.4) Transfer the suspended cells (approximately 6.5 ml) to a sterile coni­cal centrifuge tube and centrifuge at 500 to 1000 X g  for 5 minutes.5) Suction off the supernatant leaving a sediment of Y-l adrenal cells in the centrifuge tube. Resuspend the cells in 5 ml of fresh F-10 medium with a Pasteur pipette.6) Using a Pasteur pipette, dispense 6 drops of the cell suspension into each flask, to which has been added 25 ml fresh F-10 medium. As a general rule, duplicate flasks are seeded and carried.7) For the toxin assay, which is run in flat-bottom, 96-well microtiter plates, make a 1:50 to 1:100 dilution of the cell suspension. Dispense the suspension, approximately 0.15 ml per well. Therefore, one flask usually can seed 12 to 25 plates. Stack the plates and cover the top plate to prevent contamination and evaporation.8) Place flasks (with loose caps) and/or microtiter plates in the CO2 in­cubator.
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Day 2Check flasks and/or wells under the microscope for cell growth.
Day 3 (late afternoon)Using a Pastern- pipette, inoculate each well of the microtiter plate con­taining a monolayer of Y-l adrenal cells, with 2 drops (50 pi) of the toxin supernatants (including positive and negative controls). (See Section D for methods for growing V. cholerae cultures for CT production.) Be sure the microtiter plates and appropriate record sheets are coded before the actual transfer. Restack microtiter plates, and incubate in CO2 at 37°C overnight.
Day 4 (morning)Read assay results. Examine wells at lOOx or 200x magnification, us­ing an inverted stage phase microscope. Compare test wells with positive control wells. CT and LT cause rounding of Y-l adrenal cells (Figure VII-1). For the CT or LT assay, a positive well contains more than 10% rounded Y-l cells. Occasionally, cytotoxic activity in the supernatant will result in dead, lysed, or detached cells, which may mask the rounding effect of CT. If this occurs, dilution of the supernatant (in an attempt to dilute out the cytotoxin) may allow the rounded cells to be visualized.
M eth o d  fo r  n e u tr a l iz a t io n  o f  c h o le ra  en te ro to x inRefer to Section D in this chapter for methods for growing V. cholerae cultures for CT production. Dilute test supernatants 1:4 by using PBS (pH 7.2) containing 0.1% gelatin (PBS/G). If available, pure cholera toxin preparation should be used as a positive control. Use high-titer antiserum to cholera toxin in this assay (at CDC the anti-CT antiserum used for the
Figure VII-1. The panel on the left shows typical rounding of Y-1 mouse adrenal cells 
caused by the presence of cholera toxin. Normal Y-1 cells are shown in the panel on 
the right.
75 v
Detection o f Cholera Toxin
Gmi-ELISA is also used for neutralization in Y1 cells). Dilute the anti­serum in PBS/G.Prepare twofold dilutions of the anti-CT antiserum in PBS/G starting at 1:10 and ending at 1:10,240. Mix equal volumes of the antiserum dilu­tions with undiluted supernatant and the 1:4 dilution of the supernatant. Repeat the procedure for the rest of the supernatants and purified CT. In­cubate the supernatant with antiserum mixtures in a water bath at 37°C. After 1 hour, transfer 50 pi of each supernatant with antiserum mixture in duplicate to the Y1 monolayer in the microtiter plate. Add non-neutral- ized supernatant for each test culture to one well for use as a control. In­cubate cells overnight, and read to determine the highest dilution of anti-CT that neutralizes the rounding effect of the CT.
F. Gm i-ELISA for CTThe Gm i-ELISA is a sensitive immunoassay for the detection of CT. It uses an enzyme-labeled immunoglobulin, which is quantified by measur­ing its activity on a specific substrate. Microtiter wells are coated with ganglioside Gm i, the natural receptor for CT (Figure VII-2). Alterna­tively, microtiter wells may be coated with antibody to CT, but the coat­ing antibody must be prepared in a different animal species than the second anti-CT antibody used in the assay. Culture supernatants are then added to the coated wells. CT molecules in the supernatant bind to the Gmi in the well and react with the anti-CT antibody. Antibody to the specific animal species’ immunoglobulin conjugated to an enzyme (alka­line phosphatase or horseradish peroxidase) is added and reacts with the well-bound anti-CT antibody. Finally, the enzyme substrate is added, and
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Figure VII-2. Schematic diagram of the Gm i-ELISA for the detection of cholera toxin.
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the bound enzyme degrades the substrate, forming a colored product that indicates the presence of CT, LT, or other immunologically related mole­cules. These reactions can be read spectrophotometrically or visually. A summary of the ELISA method is presented in Table VII-2. All materials and reagents for the Gmi-ELISA for CT are individually available from commercial sources, including antiserum to CT.
Equipm ent• Polystyrene or polyvinyl microtiter plates, flat-bottom or round-bottom• Micropipettes and multichannel pipettes• ELISA plate reader (optional)
Reagents(See Chapter XI, “Preparation of Media and Reagents,” for instruc­tions for preparing the following reagents.)
•  Gmi ganglioside (Sigma Chemical Co., St. Louis, Mo.)• PBS with and without 0.05% Tween 20 and bovine serum albumin• Goat antibody to CTb (Calbiochem Corp., La Jolla, Calif.) [Note: As an alternative to goat anti-CT antibody, antibody produced in another animal species or monoclonal anti-CT antibody can be used.]• Anti-goat (or whatever species was used to produce the anti-CT antibody) globulin labeled with alkaline phosphatase or horseradish peroxidase (Kirkegaard and Perry Laboratories, Inc., Gaithersburg, Md.).
• p-nitrophenyl phosphate (Sigma Chemical Co.) dissolved in diethanolamine buffer [Note: Several substrates are available for horseradish peroxidase, each with specific requirements for preparation.]The optimal dilution of each specific reagent preparation should be de­termined by titration. A sample titration procedure is described in this section.
ControlsAt least two known V". cholerae positive control and two known nega­tive control supernatants should be included on each microtiter plate.
Performance o f  the test1) Add 100 pi of Gmi diluted appropriately in PBS to the inner 60 wells of the microtiter plate. Fill empty wells around the perimeter of the plate with PBS/Tween. Cover with a plate sealer or place the plate in a moist chamber and let it stand at room temperature overnight or at 35° to 37°C for 4 hours.
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Table VII-2. ELISA for detection of cholera toxin
S te p R e a g e n t D ilu e n t C o n c e n tra tio n Volume/well In c u b a tio n  t im e
Coating G m i PBS 2 pg/m la 100 pi Overnight
Blocking BSA PBS 1% 150 pi 30  minutes
Sam ple Culture supernatant None Undiluted 100 pi 60  minutes
Blocking BSA PBS 1% 150 pi 30  minutes
Antibody Antibody to C T  
prepared in goat
PBS with 0 .1 %  BSA 1 :2000a 100 pi 60 minutes
Conjugate Alkaline
phosphatase-labeled 
anti-goat IgG
PB S with 0 .1 %  BSA 1 :500a 100 pi 60  minutes
Substrate p-nitrophenyl
phosphate
D iethanolam ine buffer 1 mg/ml 100 pi 10 -20  minutes
Stop reaction N aO H H20 3  M 50  pi None
a The optimal dilution of each reagent should be determined by titration.
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2) Wash the plate three times with PBS/Tween as follows: Invert the plate and gently tap out the contents onto an absorbent towel. With a wash bottle or another suitable dispensing device, fill each well with PBS/Tween (approximately 200 pi). Let the plate stand for 3 minutes. Remove the PBS/Tween and repeat twice. To store the plate for later use, leave the third wash in the plates and refrigerate (4°C). The plate may be stored for 4 to 6 weeks.3) Block the remaining binding sites by filling each well with 150 pi of PBS with 1% BSA. Incubate the plate at room temperature for 30 minutes. Remove the contents and wash the wells three times with PBS/Tween as described in step 2.4) With a micropipette, add 100 pi of each supernatant to duplicate wells in the plate. Leave a single row of wells around the perimeter of the plate empty. This will allow 30 tests per plate. Fill empty wells around the perimeter of the plate with PBS/Tween. Place the plate in a moist chamber or seal it and incubate it for 1 hour at 35° to 37°C. Wash plates three times as described in step 2.5) Add 150 pi of PBS with 1% BSA to each of the wells, and incubate at room temperature for 30 minutes. Wash three times (step 2).6) Add 100 pi of goat anti-CTb serum (diluted in PBS containing 0.1% BSA) to each of the test wells. Place the plate in a moist chamber or seal it and incubate it at 35° to 37°C for 1 hour. Wash plate three times.7) Add to each test well 100 pi of alkaline phosphatase-labeled rabbit anti-goat globulin diluted appropriately in PBS containing 0.1%BSA. Place the plate in a moist chamber or seal it and incubate it at 35° to 37°C for 1 hour. Wash plate three times.8) Add 100 pi of the enzyme substrate solution (p-nitrophenyl phos­phate in diethanolamine buffer) to all of the wells. Incubate the plate at room temperature until color development in the positive control wells reaches a suitable intensity but not so long that exces­sive color develops in the negative wells (approximately 10 to 20 min­utes, but no longer than 30 minutes).9) Stop the reaction by adding 50 pi of 3 M NaOH to each well. Mix well.
R eading the test results1) Compare the positive control wells with the negative control super­natants. There should be little or no color in the negative control wells. In the positive control wells, a distinct yellow color should be visible (Figure VII-3).
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2) Compare the amount of color in the test wells with the color in the negative control wells. Specimens that clearly develop a stronger color than the negative controls are considered positive.3) If a microtiter plate reader is used, the wavelength should be set to the appropriate setting for the substrate used. For the p-nitrophenyl phosphate, the wavelength should be set to 405 nm. A positive to negative (P/N) ratio is calculated by dividing the optical density (OD) of the unknown sample by the mean OD of the wells containing the negative controls. Samples with a P/N ratio of 2.0 or greater are con­sidered positive.
T itr a tio n  o f  rea g e n ts  fo r  Gm i-E L IS A  fo r  C T1) Dilute Gmi in PBS to concentrations listed below:0.5 |ig/ml1.0 pg/ml2.0 pg/ml5.0 ug/ml2) Add 100 pi of Gmi ganglioside (Sigma Chemical Co.) to each of the inner 60 wells of polyvinyl round-bottom microtiter plates or poly­styrene, flat-bottom plates containing the following Gmi dilutions:Plate 1 0.5 .ug/mlPlate 2 1.0 pg/mlPlate 3 2.0 pg/mlPlate 4 5.0 pg/mlCover with a plate sealer or place the plates in a moist chamber and let them stand at room temperature overnight. Wash plates three times with 200 ul of PBS/Tween.
^  'W  'W  'W  W  'W  ^
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Figure Vll-3. In the Gm i-ELISA for CT, a positive reaction is indi­
cated by the development of a distinct yellow color in the wells 
of the microtiter plate.
80 v
Detection of Cholera Toxin
3) To block the remaining binding sites of the wells, fill each well with 150 pi of PBS with 1% BSA and incubate the plate at room tempera­ture for 30 minutes. After incubation, remove the contents and wash the wells three times with 200 pi of PBS/Tween.4) Rehydrate pure CT (Calbiochem Corp.) according to manufacturer’s instructions. Dilute in PBS with 0.1% BSA as follows (at least 4 ml of each dilution is needed for titration on four plates):
Dilution CT concentration10'3 1.0 pg/ml10'4 100.0 ng/ml10‘5 10.0 ng/ml10'6 1.0 ng/ml10‘7 100.0 pg/ml10"8 10.0 pg/mlAdd to each plate 100 pi of each different dilution of CT so that each dilution takes up one row on the plate (rows B, C, D, E, F, G). Fill empty wells with PBS/Tween. Incubate at 35°C to 37°C for 1 hour. Wash plates three times with 200 pi of PBS/Tween.5) Block with 150 pi of 1% BSA. Incubate at room temperature for 30 minutes. Wash the plate three times.6) Prepare five dilutions of anti-CT in PBS with 0.1% BSA:1:5001:10001:20001:50001:10000Note: monoclonal antibody should be tested at dilutions 1:100, 1:200, 1:500, 1:1000.Add 100 pi of diluted anti-CT to each plate so that each dilution takes up one column of the plate (columns 2-6). Repeat for columns 7-11. Fill empty wells with PBS/Tween. Incubate at 35° to 37°C for 1 hour. Wash the plate three times.7) Dilute alkaline phosphatase-labeled conjugate in PBS with 0.1% BSA as follows:1:5001:1000Add 100 pi of each conjugate dilution to each plate so that each dilu­tion takes up half the plate (columns 2-6 for one dilution and col­umns 7-11 for the other dilution). Fill empty wells with PBS/Tween. Incubate at 35°C to 37°C for 1 hour. Wash the plate three times.8) Add 100 pi of p-nitrophenyl phosphate substrate. Incubate for 30 minutes at room temperature.
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9) Add 50 jal of 3 M NaOH to stop the reaction, and read the results spectrophotometrically or visually. Note the highest dilution of each reagent which provides suitable color intensity. The reagent that is the most difficult to obtain or the most expensive should be used in the highest dilution possible.
G. Latex Agglutination Assay for CTThe VET-RPLA kit (Oxoid Limited, Hampshire, England) is designed for the detection of CT or LT in culture supernatant fluids. This test pro­cedure is known as reversed passive latex agglutination (RPLA). Polysty­rene latex particles are sensitized with purified antiserum produced in rabbits immunized with purified V. cholerae enterotoxin. These latex particles will agglutinate in the presence of CT or LT. A control reagent, which consists of latex particles coated or “sensitized” with nonimmune rabbit globulins, is provided.The test is performed in V- or U-bottom microtiter plates (V-bottom plates are preferred; flat-bottom plates are not suitable for this proce­dure). Dilutions of culture supernatant to be tested are made in two col­umns of wells. [Note: test supernatants should be prepared according to instructions in Section D of this chapter; do not prepare supernatants by the method described in the instructions included with the kit because V. cholerae does not usually produce CT in sufficient quantities in alka­line peptone water (APW).] A suspension of antibody-coated latex parti­cles is added to the first column, and unsensitized control latex is added to the second column. If sufficient amounts of either CT or LT are present in the supernatant, agglutination will occur. Agglutination results from the formation of cross-linkages among the latex particles bound to CT molecules. This lattice-like structure will settle and form a diffuse layer at the bottom of the well. If enterotoxin is absent or at a concentration be­low the detection level, no lattice structure will be formed, and a “button” of unagglutinated latex particles will form on settling.
M aterials required• 96-well plates (V-bottom or U-bottom) with lid• Fixed or adjustable micropipette and tips (25 pi)• Sensitized latex (latex suspension sensitized with specific antibodies [rabbit IgG] against cholera toxin, provided with kit).• Control latex (latex suspension coated with nonimmune rabbit globulins, provided with kit).• Control cholera toxin (dehydrated, provided with kit)• Diluent: PBS containing BSA (provided with kit)
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P e r fo rm a n c e  o f  th e  te s t1) Each sample requires two columns (eight wells per column) on the plate. With a pipette or dropper, dispense 25 pi of diluent in each well except the first well in each column.2) Add 25 pi of test sample to the first and second well of each set of two columns.3) Using a pipette or diluter and starting at the second well of each col­umn, remove 25 pi and perform twofold dilutions. Stop at the sev­enth well in the column so that the eighth well contains diluent only. Discard the extra 25 pi from the seventh well.4) Add 25 pi of sensitized latex to each well of the first column for each test and control supernatant. Add 25 pi of unsensitized control latex to each well of the second column for each test and control super­natant.5) Mix the contents of each well by agitating the microtiter plate gently by hand.6) To avoid evaporation, cover the plate with a lid and place in a plastic storage container along with a wet paper towel. Leave the plate un­disturbed on a vibration-free surface at room temperature for 20 to 24 hours.
R e a d in g  th e  te s t re su lts1) Examine each well in each column against a black background for agglutination. The presence of either CT or LT will cause agglutina­tion, demonstrated by the formation of a lattice structure, which upon settling forms a diffuse layer on the bottom of the well (Figure VII-4). If the enterotoxins are absent or at a concentration below the
Figure VII-4. Microtiter plate with results of VET-RPLA test. 
Sample 1 is negative; samples 2, 3, 4, 5, and 6 are positive.
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assay detection level, no such lattice structure can be formed; there­fore, upon settling a tight button will be observed.2) Results in the column of wells containing control latex should be negative. The last well in all columns should be negative. If positive patterns are observed in some of these wells, the reaction should be regarded as invalid.3) When excess CT is present, a prozone effect may be observed; i.e., a negative pattern is obtained in wells containing test sample and sen­sitized latex. However, as a result of the doubling dilutions, the con­centration of CT in each well along the column is progressively reduced, negating the prozone effect due to excess amounts of CT. A positive pattern of agglutination will be seen after negative patterns in the first few wells of the column. With such results, the test sam­ple should be classified as positive.4) The sensitivity of this test kit in detecting CT is 1 to 2 ng/ml. Entero- toxin present at concentrations lower than this will, therefore, give negative results. The method is slightly less sensitive than the Gmi- ELISA, and, rarely, a toxigenic strain will give negative results.
H. PCR for CT GenesThe polymerase chain reaction is a technique that employs two short, specific DNA oligonucleotides (primers) and the enzyme DNA polymerase to synthesize multiple copies of DNA in the portion of the bacterial genome that is flanked by the two primers. In the PCR for cholera toxin described here, the specific primers detect only the gene encoding the A subunit of cholera toxin (cfctA; Figure VII-5). The amplified DNA from
74 637
PCR product - 564 bases
EEZZ3—►
ctxA
ctxB
CTX2 ehhi CGG GCA GAT TCTAGA CCT CCT G 
CTX3 ESE23 CGA TGA TCT TGG AGC ATT CCC AC
Figure VII-5. Location of the primers and the size of the amplified DNA fragment in the 
PCR assay for detection of ctxA.
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ctxA is detected as a 564-bp band in an agarose gel. The PCR amplicon can be further characterized by restriction digests or hybridization with a specific internal probe to ensure that the amplicon band in the gel is from the ctxA gene. This PCR test is a colony confirmation test, designed for distinguishing toxigenic from nontoxigenic V. cliolerae 01 strains taken from pure cultures. Others have described PCR assays that can detect toxigenic V. cholerae directly in stool or in food after enrichment in APW. Direct detection of V. cholerae by PCR in stool or food may be hampered by substances present in these types of samples which inhibit DNA po­lymerase.
Equipm ent a n d  supplies• Boiling water bath• Thermocycler (Perkin-Elmer, Norwalk, Conn.; or M.J. Research Inc., Watertown, Mass.)• Vortex• Electrophoretic apparatus• Power supply• Camera and UV-transilluminator• Micropipettes: 0.5-20 pi, 20-50 pi, and 100-1000 pi• Sterile, disposable micropipette tips• Microfuge tubes: 1.5 and 0.5 ml• Gloves• Dust/particle mask 
Reagents• Sterile water (make aliquots of 10-20 ml, open fresh aliquot for eachassay)• lOx PCR buffer (100 mM Tris-HCl, 500 mM KC1, 15 mM MgCl, 0.1% [wt/vol] gelatin)• 12.5x dNTP (2.5 mM each, dATP, dCTP, dGTP, dTTP in sterile distilled water)• Primer CTX2: 5' CGG GCA GAT TCT AGA CCT CCT G 3'; 100 pM in distilled water• Primer CTX3: 5' CGA TGA TCT TGG AGC ATT CCC AC 3'; 100 pM in distilled water• AmpliTaq DNA polymerase (5 units/pl, Perkin-Elmer)• Mineral oil
• Agarose (FMC BioProducts, Rockland, Maine)
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• lOx Tris borate EDTA (TBE) buffer (108 g of Tris base, 55 g of boric acid, 40 ml of 0.5 M EDTA, and distilled water to 1,000 ml; adjust pH to 8.0)• lOx gel loading buffer (0.5% sodium dodecyl sulfate, 10 mM EDTA,50% glycerol, 0.1% bromphenol blue, 0.1% xylene cyanol)• Ethidium bromide (stock solution is 10 mg/ml water)• Quick spin columns (G-50, Boehringer Mannheim, Indianapolis, Ind.)• Restriction endonucleases A lul and Rsal (Gibco BRL, Gaithersburg, Md.)• lOx restriction buffer 1 (Gibco BRL)• DNA molecular size marker: 1 kb ladder (Gibco BRL)• TEMED (Sigma Chemical Co.)• Ammonium persulfate (10% in water, made fresh daily, Gibco BRL)• 30% acrylamide (29 parts acrylamide: 1 part bisacrylamide in water), store in dark at 4°C.• Note: Acrylamide is neurotoxic; wear a face mask when preparing the stock solution.
Control stra in s• V. cholerae ATCC 14035 (Classical, Ogawa, toxin-positive)• V. cholerae ATCC 14033 (El Tor, Inaba, toxin-negative)
Performance o f  the test
SPECIAL NOTE: Only a very small amount of template DNA (DNA from which the PCR amplicon is generated) is required for PCR. Small amounts of contaminating DNA, especially the products of previous PCR assays, may result in false-positive results. It is important to use nega­tive as well as positive controls in every experiment. Water in place of template DNA and a known negative strain are appropriate negative con­trols. Positive controls should be a known positive strain that is prepared along with the test strains and a known positive template preparation.To reduce the possibility of contaminating the PCR test with the PCR products of previous reactions, the reactions should be prepared in one room and the amplification and electrophoresis should be performed in another room. The PCR product should never be taken into the PCR set­up room. A separate set of micropipettes, preferably positive displace­ment pipettes, should be reserved only for setting up PCR reactions.
1) To prepare a template DNA, suspend a l-pl loopful of the control orthe test strains in 0.5 ml of water to obtain a concentration of 105 to£10 organisms/ml. Boil the sample for 20 minutes to release DNA. One to 10 ng of DNA is sufficient; too much DNA can inhibit the am­
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plification reaction. It is important to use water rather than PBS or any other phosphate-containing buffer because phosphate inhibits PCR. Heme-groups from blood agar plates can also inhibit PCR.2) For each PCR test, a 50-p.l reaction mix consists of 38.75 pi of sterile water, 5 pi of lOx PCR buffer, 4 pi of 12.5x dNTPs, 0.5 pi of each primer (1 pi total volume), 0.25 pi of AmpliTaq DNA polymerase, and 1 pi sample template. Prepare a “master mix” of all reagents except the sample DNA. This reduces pipetting errors and produces more consistent concentrations of reagents. Mix in one tube enough PCR buffer, dNTPs, Taq polymerase, primers, and water for all the tests being performed, and aliquot 49 pi of the master mix into each0.5-ml microfuge tube. Then add 1 pi of the sample template.3) Overlay the reaction mix with 1 drop of sterile mineral oil, and close the tubes. Program the thermocycler for a preincubation step at 95°C for 5 minutes, then 30 cycles of 1 minute at 95°C, 1 minute at 60°C, 1 minute at 72°C, and a final incubation at 72°C for 10 min­utes. A final step of holding the tubes at 4°C can be added to refriger­ate the samples until they are loaded on the gel. Place tubes in thermocycler and start.4) Prepare a 0.8% agarose gel with TBE buffer. Mix 10 pi of the PCR mix and 1 to 2 pi of the lOx gel loading buffer, and load the wells. When removing the 10 pi of PCR reaction, make sure the pipette tip is beneath the oil layer. Use appropriate positive and negative con­trols with each set of PCR reactions, including a molecular size standard on each gel.5) Rim the gel until the bromphenol blue (purple color) has migrated about two-thirds of the way down the gel. Actual voltage and time will vary with the gel apparatus used (generally 2 to 3 hours at 60- 80 V is sufficient). The 564-bp ctxA amplicon should migrate close to the bromphenol blue. Stain the gel with ethidium bromide (1 drop of stock solution in 500 ml of water) for 20 minutes, then destain in water for 10 to 20 minutes. [Note: ethidium bromide is mutagenic; wear gloves at all times.] Place the gel on the UV-transilluminator, and take photographs for documentation.
In terpretation  o f  the resultsThe PCR test generates a 564-bp amplicon from the ctxA gene. This amplicon migrates just above the 0.5-kb band of the 1-kb DNA ladder size standard. The primers may be visible as a faint smear migrating just be­low the 200-bp size standard (Figure VII-6). The primers, but not the 564- bp amplicon band, will be visible for negative samples. Bands that are the wrong size should be considered negative. Faint bands that appear to be the correct size should be interpreted cautiously. When the results are in doubt, the amplified DNA can be verified as from the ctxA gene by diges­tion with restriction enzymes or hybridization with an internal probe
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after Southern blotting. For routine applications, restriction analysis issimpler and faster than probing.
V e r ific a tio n  o f  th e  P C R  a m p lic o n1) Remove the mineral oil from the sample by placing the total volume of the PCR reaction on an angled parafilm strip. Mineral oil sticks to the parafilm as the aqueous drop slides downward. Purify the DNA fragment on a Quick Spin G-50 column. To prepare the column for use, centrifuge it at 600 x g  for 5 minutes. Add the sample (10 to 50 pi) and repeat the centrifugation. The purified DNA will pass through the column in the same volume as was added to the column.2) Transfer 15 pi of the PCR solution to a microcentrifuge tube; add 2 pi of water, 2 pi of restriction buffer 1 (BRL), and 1 ul of Rsal or A lul (or both). Incubate for 2 hours at 37°C.3) Separate the restricted fragments by electrophoresis in an acry­lamide gel. Acrylamide gels produce better resolution of small DNA fragments. For a minigel apparatus, prepare an 8% gel with 6.6 ml of 30% acrylamide (29:1 acrylamide:bisacrylamide in water), 15.6 ml of water, 2.5 ml of lOx TBE, 0.2 ml of 10% ammonium persulfate, and 20 pi of TEMED. Pour the gel and let it polymerize for 1 hour before loading the samples (10 pi of the PCR reaction and 1 pi of lOx loading buffer). Let the bromphenol blue migrate half way down the gel before staining DNA, as for an agarose gel. Restricting the 564- bp ctxA amplicon with Rsal generates three fragments of 480, 70, and 14 bp; the 14-bp fragment may not be visible. A lul produces two
A B C D E F G H I J K L
564-bp
Figure VI1-6. Agarose gel with results of a typical cholera toxin PCR test. Lanes A, C, 
D, E, F, positive test strains; lanes B, J, negative test strains; lanes G, K, positive con­
trols; lanes H, I, negative control strains; lane L, l-kb DNA ladder.
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fragments of 499 and 65 bp. Combination of the two enzymes gener­ates four fragments: 415, 70, 65, and 10 bp.
I. DNA Probes for CT GenesIn colony blots, isolated colonies to be tested for cholera toxin genes are inoculated in a grid-fashion on a nonselective agar plate and incu­bated until the patches of growth reach the desired size. The patches are then transferred to a nylon filter, where they are treated by a series of steps that lyse the cells and fix the denatured or single-stranded DNA to the filter. The filter is then hybridized with a specific DNA probe that cor­responds to the ctx gene. Although cloned DNA and oligonucleotides have been tested, a PCR-generated amplicon that contains digoxigenin-labeled bases has proved to be sensitive, stable, and safe.
1. Generation of digoxigenin-labeled PCR ampliconsThe procedure for generating digoxigenin-labeled PCR probes is simi­lar to that for detecting ctx genes with PCR (Section H of this chapter), ex­cept that a well-characterized CT-positive strain of V. cholerae 01 is used to produce the template DNA and a second amplification is used to incor­porate the digoxigenin-labeled base.
Equipm ent an d  suppliesSee Section VII-H (PCR for CT genes)
Reagents• See Section VII-H (PCR for CT genes)• lOx “-digoxigenin” dNTP mix (1 mM dATP, 1 mM dCTP, 1 mM dGTP, 0.65 mM dTTP)• Digoxigenin-ll-dUTP (Boehringer Mannheim; concentration is 1 mM) 
Procedure1) Generate the PCR amplicon that will be used as the template in a labeling PCR by following the procedure described in Section VII-H using a known CT-positive strain (ATCC 14035 or another well-char­acterized, CT-positive strain) as the source of template DNA. Incor­poration of digoxigenin-labeled dUTP into a DNA molecule is less efficient than incorporation of standard dNTPs; therefore, the PCR amplicon is used as template DNA rather than total genomic DNA in the labeling PCR to increase the amount of labeled DNA (probe) pro­duced.2) Run 5 to 10 pi of the PCR mix on a 0.8% agarose gel to confirm pro­duction of the appropriate size and concentration of the DNA ampli­con. Stain and photograph for documentation.
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3) Make a dilution of the PCR mix so that about 50 ng of the PCR frag­ment is used as the template in the labeling PCR (usually, 1 to 3 pi of a 1:10 dilution).4) Set up the labeling PCR in a 0.5-ml microcentrifuge tube: 1 to 3 pi of the diluted PCR-generated template DNA, 1 pi of each primer (2 pi total volume), 10 pi of lOx PCR buffer, 10 pi of lOx “-digoxigenin” dNTP mix, 7 pi of digoxigenin-ll-dUTP (ImM), 0.5 pi of Taq polym­erase, 67.5 to 69.5 pi of sterile distilled water. Overlay the mixture with 2 drops of mineral oil.5) Program the thermocycler for 40 cycles of 30 seconds at 95°C, 1.5 minutes at 60°C, 3 minutes at 72°C; then a 10-minute incubation at 72°C; hold at 4°C. Place tubes in thermocycler and start.6) Remove unincorporated dNTPs and primers by purifying the DNA over a Quick Spin G-50 column.7) Run 2 to 3 pi of the PCR mix on a 0.8% agarose gel. Stain and photo­graph. The digoxigenin-labeled amplicon will migrate more slowly (i.e., at a higher apparent molecular weight) than the nonlabeled am­plicon because of the presence of digoxigenin in the molecule.
2. Colony hybridization for cholera toxin genes
Equipm ent an d  supplies• 8 cm diameter circular nylon filters (Micron Separations, Inc., Westboro, Mass.)• Whatman 3MM chromatography paper
• Drying oven• Platform shaker• Plastic, heat-sealable bags• Heat-sealing apparatus• Petri dishes• Luria broth (LB) plates or other rich medium (do not use MacConkey plates because they seem to cause more background staining on the blots)
Reagents• Digoxigenin-labeled probe (amplicon prepared as in section 1.1.)
• lONNaOH• 1 M Tris, pH 8.0• 5 M NaCl• 20% SDS• 20x SSC (175.3 g NaCl, 88.2 g sodium citrate in 1 liter water, pH 7.0)
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• Prehybridization solution: 5x SSC, 1% blocking reagent (Boehringer Mannheim), 0.1% IV-lauroylsarcosine, 0.02% SDS (can be prepared in large quantities in advance, aliquoted, and stored at -20°C) [Note: Prehybridization solution is used for both prehybridizations and hybridizations.]• Buffer A (100 mM Tris, pH 7.5, 150 mM NaCl)• Buffer C (100 mM Tris, pH 9.5, 100 mM NaCl, 50 mM MgCl2)• Nonfat dry milk• Anti-digoxigenin Fab fragment/alkaline phosphatase conjugate (Boehringer Mannheim)• Nitroblue tetrazolium (NBT) (75 mg/ml in water)• 5-bromo-4-chloro-3-indolylphosphate toluidinum (BCIP) (175 g/ml in water)
P reparation  o f colony blots1) Transfer isolated colonies of each test strain to a dry LB plate using a grid to organize the colonies. Incubate the plate for several hours or overnight at 37°C until all the colonies are clearly visible on the plate.2) Mark an 8-cm circular nylon filter (50 cm total area) with an arrow to orient the position of the colonies and a number or date to identify the filter. Place the filter (labeled side down) over the inoculated LB plate with the arrow at the top of the plate. Remove any trapped air bubbles. Incubate the LB plate for 0.5 to 2 hours at 37°C. [Note: Ni­trocellulose filters can also be used, but they tear more easily than nylon filters. Glass filters, such as Whatman 541, cannot be used in this assay because digoxigenin sticks nonspecifically to these filters.]3) Saturate two sheets of 3MM chromatography paper with 0.5 M NaOH in a glass pan. Lift the nylon filter off the plate and place on the 3MM paper, colony side up. Visible patches of each colony should be stuck to the filter. Allow the cells to lyse for 15 minutes.4) Saturate two sheets of 3MM chromatography paper with 1.0 M Tris, pH 8.0, in a glass pan. Transfer the filter from the paper saturated with NaOH to the paper saturated with Tris, again colony side up. Allow neutralization to occur for 10 minutes.5) Saturate two sheets of 3MM chromatography paper with 0.7 M Tris 1.5 M NaCl, pH 8.0, in a glass pan. Transfer the filter from the pa­per saturated with 1.0 M Tris to the paper saturated with Tris/NaCl colony side up. Allow neutralization to occur for 10 minutes.6) Rinse the filter briefly in 2x SSC. Blot the filter on dry 3MM chroma­tography paper and air dry at room temperature or 37°C. Bake the filter at 80°C in an oven for 0.5 to 2 hours. The filter is now ready for
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hybridization but it can be stored in in an airtight container at room temperature until needed.
H ybridization  o f  colony blots1) Place the filter in a plastic, heat-sealable bag. Add 10 ml (0.2 ml/cm2) of prehybridization solution. Remove air bubbles by rolling a pipette across the bag and squeezing the bubbles to the top. Do not squeeze the fluid out of the bag. Seal the bag with a heat sealing ap­paratus. Incubate the filter in the bag at 65°C for 1 hour in a shak­ing water bath.2) Prepare the probe 15 to 20 minutes before the end of the prehybridi­zation time (see section 1.1. for instructions for probe preparation). Dilute the probe in a total volume of 100 pi in a microfuge tube; use 1 to 5 pi of probe, depending on the concentration. [Note: The opti­mal concentration of probe may need to be determined empirically by testing several concentrations on replicate filters.] Denature the probe by incubating in a boiling water bath for 10 minutes. Quickly cool the probe by placing it on ice for a few minutes. Centrifuge the probe in a microfuge for a few seconds, and hold on ice until needed.3) Remove the filter from the water bath. Cut one corner of the bag and remove all the prehybridization solution from the bag. Add 2.5 ml (0.05 ml/cm2) of prehybridization solution and the probe to the bag. Remove the air bubbles and seal the bag so that it conforms to the shape of the filter as closely as possible to maximize contact between the filter and the probe.4) Hybridize the filter at 65°C overnight in a shaking water bath.5) Prepare about 500 ml of wash solution (lx SSC, 0.1% SDS), and pre­heat to 65°C. Remove the filter from the plastic bag and place in a glass pan or dish. Add 100 ml of wash solution to the glass pan and rinse the filter briefly. Pour off the used wash solution.6) Add 200 ml of wash solution to the glass pan and wash the filter at 65°C in a shaking water bath for 15 minutes. Pour off the used wash solution. Add the remaining wash solution and incubate again at 65°C for 15 minutes. Air dry the filter and hold for later develop­ment, or proceed directly to the developing steps.
Detection o f digoxigenin-labeled probes1) Rinse the filter with 40 ml of buffer A in a petri dish on a platform shaker for 1 minute.2) Remove the filter from buffer A, allowing excess solution to drip off for a few seconds. Place the filter in another petri dish containing 40 ml of buffer A + 5% nonfat dry milk (blocking solution). Incubate with gentle shaking for 1 hour.
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3) Pour off the blocking solution and replace with the anti-digoxi- genin/alkaline phosphatase conjugate diluted 1:5000 in 10 ml of buff­er A + 5% nonfat dry milk. Incubate for 30 minutes with gentle shaking.4) Transfer the filter to a petri dish containing 40 ml of buffer A. Incu­bate with gentle shaking for 15 minutes. Repeat the wash step once.5) Rinse the filter in a petri dish containing 40 ml of buffer C on a shaker tray for 2 minutes.6) Remove the filter from buffer C, allowing excess solution to drip off for a few seconds. Place the filter in a petri dish containing 10 ml of buffer C with 45 pi of NBT (75 mg/mL) and 35 pi of BCIP (175 pg/ml). Seal the petri dish with parafilm. Place the petri dish in a dark place and check periodically. Results may be observed within a few hours, although overnight exposure may be required for com­plete development.
In te r p r e ta tio n  o f  re su ltsetxA-positive isolates will appear as dark purple/brown patches on the nylon filters (Figure VII-7). Negative controls and negative isolates may be visible as very faintly stained patches.
Figure VII-7. Results of hybridization with a digoxigenin-labeled probe for ctxA\ dark 
purple color indicates a positive reaction.
\
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VIII. Detection of Patient Antibodies to 
Vibrio cholerae 01 and Cholera Toxin
Isolation of Vibrio cholerae 01 from a patient’s stool is the definitive proof of infection with the organism. However, in some circumstances, such as when a stool specimen is not obtained while the patient is sympto­matic or is obtained after the person has stopped excreting the organism, either because of antibiotic treatment or the passage of time, isolation of the organism is not possible. Likewise, isolation may not be possible if the specimen is mishandled and the vibrios die, or if there is no laboratory support for bacteriologic studies. In these situations, the presence of, or change in, serum antibodies can often determine if a person has been in­fected with V. cholerae 01.Because most V. cholerae 01 infections are asymptomatic or mildly to moderately symptomatic, a survey of clinical illness is not a good way to determine what proportion of a population has recently been infected with V. cholerae. Serum antibodies can provide the answer. Antibody as­says can be particularly valuable for 1) identifying for case-control studies control subjects who have not had recent V. cholerae 01 infections, 2) de­termining, in areas without confirmed cholera, if cases of suspected chol­era that escaped detection by culture were indeed infections with V. cholerae 01, 3) determining the proportion of persons in newly affected ar­eas who have had V-. cholerae 01 infections, and 4) using stored serum col­lections to determine if cholera existed undetected in an area in previous .years.The two most commonly performed assays for detection of antibodies in V. cholerae 01 infections are vibriocidal antibody assays (antibodies against somatic O antigens of V. cholerae) and assays for antitoxic anti­bodies (antibodies against cholera toxin). A summary of these methods is presented in Table VIII-1.
A. Vibriocidal TestThe vibriocidal test is a reliable and well-documented method for de­termining the presence of bactericidal antibodies directed against O anti­gens of V. cholerae 01. In the test, dilutions of patient serum are mixed with a standardized inoculum of V. cholerae 01 (both Ogawa and Inaba should be used) and excess guinea pig complement. During the initial in­cubation period, bacterial cells are killed if vibriocidal antibodies are pre­sent. Culture medium is added, and a second incubation period follows to detect surviving bacterial cells. If turbidity develops in the culture me­dium, it indicates the absence of vibriocidal antibodies or at least an amount of antibodies beneath the threshold of detectibility with this method.Several crucial elements of the vibriocidal test can cause the assay to fail. Carefully performed quality control and strict adherence to the
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Table VIII-1. Vibriocidal and anti-CT Methods
Test characteristic Vibriocidal test Anti-CT ELISA
Specific reagents required Guinea pig complement, V. cholerae 
Inaba and Ogawa serotype cultures
Cholera toxin, enzyme-conjugated 
antibody to human IgG, 
enzyme substrate
Controls required Positive and negative human control 
antisera
Positive and negative human control 
antisera
CO
<J)
Type of assay In vitro killing of V. cholerae in the 
presence of complement
Binding of antibody to antigen on solid 
phase detected by enzyme- 
conjugated antiglobulin antibody
Antibody measured Antibacterial antibodies Anti-cholera toxin antibodies
Peak antibody response 10 days after onset of illness 21-28 days after onset
-
Duration of antibodies as 
measured by test
Start to decline after 1 mo.; 
disappear in 12 mos.
May persist for as long as 2 years
Advantages Sensitive; requires only 1 commercial 
reagent; doesn’t require expensive 
equipment
Anti-CT antibody is not stimulated by 
killed-cell parenteral cholera 
vaccine
Disadvantages Vibriocidal antibody affected by current 
cholera vaccines; standardization of 
inoculum crucial for accuracy of test; 
live cultures used
Not as sensitive as the vibriocidal test; 
requires several commercial 
reagents; antibody to E. coli LT 
may affect accuracy of the test
Note: LT = Eschericia co liheat-labile enterotoxin.
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protocol are essential for reproducible results. Problems with the vibrioci- dal test often occur with the following:1) source, storage, or dilution of complement2) V. cholerae 01 standard strains3) preparation of the antigen suspension4) incubation steps during the performance of the test.
1. Preparation and quality control of reagents for the 
vibriocidal test
ComplementFreeze-dried guinea pig complement is available from commercial sources. Some laboratories may find it impractical or impossible to pur­chase freeze-dried guinea pig complement and may wish to prepare their own supply from local animal sources.
Preparation  o f fresh, pooled  com plem entObtain 10 ml of blood from individual healthy guinea pigs by cardiac puncture. Allow the blood to clot (1 hour at room temperature), centri­fuge, and promptly separate the serum from each animal into an individu­ally labeled tube. At this point, the sera may be frozen individually for later testing before pooling or held continuously in an ice bath while test­ing is completed within 24 hours. (See below.)
Testing o f  in d iv idu a l guinea p ig  sera for in trinsic  vibriocidal activityWhen fresh, pooled guinea pig serum is used as a source of comple­ment in the vibriocidal antibody test, it should not have intrinsic vibrioci­dal activity that could interfere with the test by killing the inoculum. Occasional guinea pigs (perhaps one in 20) from some animal colonies have low levels of antibodies reacting with V. cholerae, presumably be­cause they have become colonized or infected with an antigenically cross­reacting species of bacteria. Commercial guinea pig complement generally represents a very large pool of serum from many guinea pigs, and any an­tibodies present usually become diluted in the pool below an effective level of interference in the test unless the prevalence of naturally occur­ring antibodies against V. cholerae is high in the original guinea pig colony.Serum is screened for intrinsic complement-dependent vibriocidal activity by comparing the killing power of unheated serum with that of the same serum heated at 56°C for 30 minutes to destroy complement activity. Naturally occurring antibody against V. cholerae will not kill the organism if complement activity has been inactivated.
Detection of Patient Antibodies toVibrio cholerae 01 and Cholera Toxin
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The following pretesting procedure may be helpful in eliminating un­suitable serum when preparing pooled guinea pig complement:1) Take 0.1 ml of each guinea pig serum and dilute 1:5 by adding it to 0.4 ml saline in a small labeled test tube. Mix well and pipette 0.25 ml into a separate labeled tube (marked “heated”). Keep the original tube in an ice bath while the second tube is heated in a water bath at 56°C for 30 minutes.2) For each serum sample to be tested, add 15 pi of unheated diluted serum to a microtiter plate well and add 15 pi of the heated sample of the same serum to an adjacent well.3) Add 15 pi of V. cholerae suspension (standardized and diluted 1:10), as specified in Section, “Preparation and standardization of the anti­gen suspension.”4) Add 30 pi of sterile saline to each well and incubate at 37°C for 1 hour.5) Add 150 pi of warm heart infusion broth to each well and incubate for 1 hour and 45 minutes.6) For each serum tested, compare the turbidity in adjacent wells con­taining heated and unheated samples.7) Identify and discard any guinea pig serum that shows significantly more turbidity in the “heated” versus the “unheated” wells. Such sera should not be used in the vibriocidal test but may be used for other complement-dependent reactions.)8) After eliminating individual sera that appear to have native vibrioci­dal activity, pool the remaining sera, mix well, and freeze.Note: If desired, the test can also be performed in 13 X 100-mm or 12 X 75-mm test tubes by adjusting quantities of inoculum, saline, and broth. This would save a microtiter plate if only a small number of guinea pig sera are being tested.
T itration  o f com plem entUnlike the complement fixation test, it is not necessary to titrate the complement for the vibriocidal assay because an excess of complement is used.
Storage o f  com plementComplement should be distributed and frozen in convenient aliquots in tightly stoppered vials. One milliliter of guinea pig complement will provide sufficient diluted complement for four microtiter plates. Commer­cial complement should also be aliquoted and frozen immediately after re­hydration. [Warning: Do not use the commercial diluent provided with the complement to rehydrate because it may contain a preservative.] Com­plement can be stored at -70°C for at least 1 year and at -20°C for at
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least 3 months. When thawed, the complement must be used or dis­carded, and should not be refrozen.
S tan dard  stra in sThe standard control strains used at CDC are VC 12 (V. cholerae 01 Ogawa) and VC 13 (V. cholerae 01 Inaba). Other well-characterized Inaba and Ogawa strains may be used, but the use of VC 12 and VC 13 would al­low standardization of results from many laboratories.The standard strains should be stored frozen, preferably at -70°C, and streaked out on heart infusion agar (HIA) or another nonselective me­dium to prepare working slants as needed. Working slants should be stored for no more than 2 weeks to ensure that the strains remain smooth and viable for the assay.
P reparation  and  stan dard iza tion  o f  the antigen suspensionTwo antigen suspensions need to be prepared, one from VC 12 and one from VC 13. Suspend fresh growth from each strain in 2 to 3 ml of 0.85% saline and then carefully adjust the turbidity to a density of approximately1.5 X 109 CFU/ml. This is the most critical element of the vibriocidal assay; an antigen suspension that is either too turbid or too dilute can affect the titers obtained from the assay.
M cFarland methodBefore using this method, a McFarland 4 standard (see Chapter XI, “Preparation of Media and Reagents,” for the formula for preparation of the McFarland 4 turbidity standard) should be prepared, test antigen sus­pensions (for both VC 12 and VC 13) should be made and adjusted to the same turbidity as the McFarland 4 standard, and plate counts should be done to ensure that the turbidity of the McFarland 4 is correct and is the density of 1.5 X 109 CFU/ml.Agitate a McFarland 4 turbidity standard on a vortex mixer immedi­ately before use. Visually compare the McFarland standard with the anti­gen suspension prepared as described above, and dilute if necessary with sterile saline. (For proper turbidity adjustment, use a white background and a contrasting black line in combination with an adequate light source.)
Spectrophotom eter methodBefore using this method, the optical density (OD) corresponding to1.5 x 109 CFU/ml must be established by performing plate counts and plotting the OD (wavelength 550 nm) versus plate count to obtain a stand­ard curve. With a 1-cm cuvette and a 1-cm light path, the OD at this con­centration should be 0.9 to 0.95. Once this OD is known, the standard curve does not need to be redrawn as long as the same spectrophotometer, cuvettes, and diluent are used. After preparing suspensions from slants
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(described above), measure OD at 550 nm of each suspension and adjustwith sterile saline until the proper OD is achieved.
2. Vibriocidal test procedureIf desired, the vibriocidal test can also be performed in tubes by adjust­ing quantities of inoculum, saline, and broth.
Inoculation o f  test stra in s1) The afternoon before the test, streak out VC 12 and VC 13 (or other well-characterized Ogawa and Inaba control strains) from working stock cultures to fresh HIA plates (or other nonselective medium) and incubate at 35° to 37°C for 16 to 18 hours. Place four uninocu­lated slants in a 35°-37°C incubator to prewarm. Inoculate the pre­warmed slants with the overnight cultures of VC 12 and VC 13 (two slants per strain). Spread heavily and evenly over surface of slants. Incubate 4 hours at 35° to 37°C.
Preparation  o f serum  dilu tions2) Always process a positive serum of known titer and a negative se­rum with each day’s run. Sterile saline is used as diluent. Prepare an initial 1:5 dilution of each test and control serum by placing 25 |il of serum in the first well in the row of a 96-well round-bottom microtiter plate and adding 100 pi saline.3) Place 25 pi of saline in each well of the remaining rows.4) Transfer 25 pi from the first well (1:5 serum dilution) to the second well (first test well). Make serial 25-pl twofold dilutions through well #12 using a multichannel pipette. The first test dilution (well #2) will be 1:10 (1:20 after adding antigen).
S tan dard iza tion  o f  antigen  suspension5) After slants have been incubated for 4 hours, wash growth from slants with 2 to 3 ml sterile saline (0.85%). Adjust the turbidity of these suspensions to a density of approximately 1.5 X 109 CFU/ml by one of the previously described methods. The density-adjusted suspensions are diluted 1:10 in sterile saline (giving a density of approximately 1.5 X 108 CFU/ml) to provide the antigens for use.
Preparation  o f com plem ent-bacteria  m ixture6) Dilute freshly thawed complement 1:5 in sterile distilled water. [Warning: If using commercial complement, do not use the diluent provided with it because it may contain a preservative.]
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7) Mix equal amounts of the 1:5 diluted complement and the 1:10 di­luted standardized bacterial antigen suspension (see section, “Stand­ardization of antigen suspension,” above). The mixture should be kept on ice and used within 30 minutes. About 2.5 ml of bacteria- complement mixture is needed for each plate. The final bacterial con­centration in the mixture is approximately 7.5 x 107 bacteria/ml.
A ddition  o f com plem ent-bacteria  m ixture8) Add 25 pi of complement—bacteria mixture to serum dilutions pre­pared earlier in the microtiter plate. The complement—bacteria mix­ture should be added to all serum dilutions except those in first column, which are used to detect bacterial contamination of the serum.9) Mix by shaking, and seal microtiter plates with plate sealers.10) Place in 35° to 37°C water bath for 1 hour (If a water bath is not available, a 35° to 37°C incubator may be used; however, the incuba­tion time may need to be extended.) Prewarm the heart infusion broth for the next step.
A ddition  o f h eart infusion broth11) Remove from water bath or incubator and add 150 pi of warm heart infusion broth (pH 7.4) to each well, including the wells in column 1, which will be used as controls to detect serum contamination. (If the serum is contaminated, the test is invalidated.) Return the plate to the 35° to 37°C water bath and incubate for 1 hour and 45 minutes.12) Remove plates from the water bath and read test. If growth in nega­tive serum control wells is light, re-incubate for 15 to 20 minutes be­fore reading the test.Note: Adhere strictly to incubation times, especially for the step in which the complement-antigen mixture is added to the dilutions of antisera.
R eading o f  m icrotiter vibriocidal test13) Read the test by looking for visible growth or turbidity in the wells after adding broth and incubating. The absence or inhibition of growth, as evidenced by lack of turbidity, is a positive reaction (Fig­ure VIII-1). The titer is obtained by determining the serum dilution that inhibits approximately 50% of the growth of V. cholerae.Note: The test titer of the positive control serum should be within one dilution of its expected titer. If the well in the first column, which con­tains only serum plus broth, shows growth, the serum is contaminated. If the entire microtiter plate shows growth, the broth is contaminated.
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Figure VIII-1 .The absence or inhibition of growth indicates that the V. cholerae 01 
strain has been killed by the action of specific antibodies in the patient’s serum. Row 
A contains the negative control serum and row B, the positive control serum. The sera 
in rows A, G, and H are negative for vibriocidal antibodies since growth has occurred 
in all wells but column 1, which is the control for serum contamination. The titers of 
the other rows are as follows: B, 5120; C, 2560; D, 320; E, 640; F, 1280 (in well #8, 
the turbidity is <50% of the negative control well, so it is read as positive).
B. ELISA for Cholera AntitoxinCholera toxin (CT) is antigenic, and its immunobiologic properties have been well characterized. Persons who have been infected with CT- producing V. cholerae usually develop a marked antibody response to the toxin. This immune response is the basis of a serologic examination to de­termine the antibody status of an individual to CT, and thus establishes a reliable indicator of recent infection with toxigenic V. cholerae. Antibodies to CT can be determined in animal and tissue culture assays, which deter­mine if the CT activity has been neutralized by the patient’s serum; how­ever an anti-CT enzyme-linked immunosorbent assay (ELISA) is commonly used by laboratories that are unable to perform in vivo assays or tissue culture. Interpretation of anti-CT antibody assays is complicated by the fact that CT is antigenically similar to the heat-labile enterotoxin (LT) produced by Escherichia coli, and cross-reactions could occur in per­sons who have had recent infections with LT-producing E. coli.The ELISA for antibodies to CT is based on the binding of those anti­bodies in patient serum to immobilized CT. By screening paired serum samples collected early in the illness (acute-phase specimen) and during the convalescent period (convalescent-phase specimen), pre- and post­
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illness antibody levels against CT can be measured and compared. In the microtiter test procedure, microtiter wells are coated with CT and care­fully washed, after which the patient’s serum is added to the wells. If anti- CT antibodies are present, they will bind to the CT and be immobilized in the microtiter well. After further washing, goat anti-human IgG that has been labeled with an enzyme (such as alkaline phosphatase or horserad­ish peroxidase) active on a chromogenic substrate is added to the well.The goat anti-human IgG binds to the human immunoglobulin. When the wells are washed again to remove all unbound materials, only the “sand­wich” of CT + patient anti-CT + enzyme-labeled goat anti-human IgG re­mains. The chromogenic substrate is then added, and the amount of bound enzyme is quantitated by measuring the intensity of the color reac­tion. The intensity of the color reaction is proportional to the quantity of anti-CT in the patient’s serum.
Anti-CT ELISA procedure1) Dilute cholera toxin (Calbiochem Corp., La Jolla, Calif.) to 1 (ig/ml in carbonate buffer (0.05 M, pH 9.6). Place 100 pi of the solution in each of the inner 60 wells of a flat-bottom or round-bottom, 96-well microtiter plate.2) Place covered plates in a moist chamber and refrigerate overnight (15 to 20 hours).3) Wash each plate four times with 0.01 M phosphate-buffered saline, pH 7.2, plus 1% Tween (PBS-T). Leave last wash in plates and. store in a moist chamber at 4°C for later use. Plates should not be stored for more than a few days.4) Dump last wash from plate and block all wells with 150 pi of PBS-T containing 0.5% nonfat dry milk and 1% fetal bovine serum (PBS-T- M—FBS). Incubate at room temperature for at least 1 hour. Dump fluid, but do not wash. The plate has now been “sensitized” for fur­ther use.5) In small sterile tubes, make 1:200 dilutions in PBS—T—M—FBS (5 pi serum in 1 ml buffer) of each serum to be tested. Include one posi­tive and three negative control sera with each run.If you wish to know only whether a given serum is positive for anti­toxic antibodies, no further dilutions need to be made. Dispense 100 pi of each serum diluted 1:200 to the corresponding wells in the sen­sitized microtiter plate (prepared in steps 1 through 4).If you wish to determine an antibody titer, dilute sera in a separate, unsensitized microtiter plate as follows: place 200 pi of the 1:200 di­luted serum in the first column of inner wells; place 100 pi of PBS— T—M—FBS in each of the remaining wells; make six serial 100-pl twofold dilutions using a multichannel pipette. Dispense 100 pi of each serum dilution to the appropriate wells in the sensitized plate
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(prepared in steps 1 through 4). Note: The negative control sera are not diluted.6) Incubate at 35° to 37°C for 1 hour.7) Dump fluid from plates and wash four times with PBS-T containing 1% fetal bovine serum (PBS-T-FBS).8) Dilute alkaline-phosphatase-labeled anti-human conjugate (1:2000; Kirkegaard & Perry Laboratories, Inc., Gaithersburg, Md.) in PBS- T-FBS, and place 100 |il in each well. [Note: Since the conjugate may vary from lot to lot, the concentration used should be deter­mined by titration before use.] Incubate for 1 hour at 35° to 37°C. Dump fluid and wash 4 times with PBS—T—FBS.9) Prepare the alkaline phosphatase substrate solution (p-nitrophenyl phosphate [Sigma Chemical Co., St. Louis, Mo.] in diethanolamine buffer; see Chapter XI, “Preparation of Media and Reagents,” for preparation instructions). Place 100 pi of the enzyme substrate solu­tion in each well and incubate at room temperature for 30 minutes.10) Stop reaction by adding 50 pi 3 M NaOH to each well. Mix well.Read optical density at 405 nm on an ELISA reader. Record results.If titers are not determined (i.e., a single 1:200 dilution is used), an OD reading of 0.30 or greater may be considered a significant or “positive” reading (see Section C below, “Interpretation of Results from Serologic Tests”).An optical density greater than 0.1 (or OD 2x greater than the mean of the three negative control sera) is considered positive for the pres­ence of cholera antitoxin at that dilution. The serum titer is the reciprocal of the last dilution giving a positive OD reading. An anti­toxin titer of 400 is considered positive, whereas 200 is considered borderline (see Section C below).
C. Interpretation of Results from Serologic TestsWhen possible, paired sera for vibriocidal antibodies should be col­lected from each person, with the acute-phase serum obtained as early as possible (ideally within 0 to 3 days after onset) and the convalescent- phase serum obtained 10 to 21 days after onset. A fourfold (two dilution) or greater rise in vibriocidal antibody titer to at least 320 is diagnostic of V. cholerae 01 infection if the patient was not recently given cholera vac­cine. Lower titers may not be reproducible. Vibriocidal antibodies develop in at least 90% to 95% of persons with culture-confirmed V. cholerae 01 infection. Vibriocidal titers rise rapidly after onset of illness or infection. The increase in titers is similar for all infected persons, regardless of the presence or severity of symptoms. Titers in human volunteers usually peak within 10 days after ingestion of the organisms, begin to decline within 1 month, fall markedly by 6 to 12 months, and are almost back to baseline levels after 1 year.
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At no level is a single vibriocidal titer diagnostic of cholera in all situ­ations. In the United States, where cases of cholera are exceedingly rare, one study showed that anti-Ogawa titers of >640 occur in only 0.9% of healthy persons. In a volunteer study, at 1 month after infection, 79% of persons had titers of >1,280, 89% had titers of >640, 92% had titers of >320, 97% had titers of >160, and 99% had titers of >20. A person with a titer of <20 is highly unlikely to have had a V. cholerae 01 infection dur­ing the previous 10 to 30 days, whereas a person with a titer of >1280 is likely to have been infected with the organism and is considered to be “positive” for most purposes. Persons with intermediate titers may or may not have been infected, and the level that should be considered “posi­tive” depends on the degree of certainty desired. For example, while vi­briocidal titers of 160 and 320 are usually considered “negative,” persons with these titers are usually not accepted as “negative” controls in chol­era case-control studies. A vibriocidal titer of 640 is borderline (question­ably) positive. A titer of 640 may represent past V. cholerae 01 infection or antibodies due to infections with organisms capable of inducing cross­reacting antibodies (Yersinia enterocolitica serotype 09, Brucella spp., Citrobacter spp., and other cross-reacting members of the Enterobacte- riaceae.) Borderline results should be repeated and confirmed because a variation in titer by one tube or dilution may normally be encountered between rims with the same specimen. A decline in titer from the acute- phase serum to the convalescent-phase serum may also indicate infection.Interpretation of antitoxic antibody assays is complicated by the fact that cholera toxin is similar to LT produced by E. coli. This is rarely a problem in countries like the United States where enterotoxigenic E. coli infections are unusual. However, in most countries where cholera is com­mon, infections with enterotoxigenic E. coli are also common, and anti­toxic antibody assays are less useful than they might be. It is possible to distinguish between antibodies produced against the two different toxins by testing sera against both CT and LT, but these procedures are beyond the scope of this manual and should be sought elsewhere.Antitoxic antibodies have been detected by the anti-CT ELISA in 88% of volunteers excreting V. cholerae 01. The antibodies can remain ele­vated for over 2 years. Antitoxic IgG antibodies peak at 21 to 28 days af­ter onset of illness. The acute-phase serum sample for antitoxic antibody testing should be collected as early as possible (ideally within 0 to 3 days after onset), and the convalescent-phase serum should be obtained as close to 21-28 days after onset as possible. A net OD increase of 0.2 or greater between the acute- and convalescent-phase sera (at a 1:200 dilu­tion) or a fourfold rise in titer represents a significant antitoxin response. A single specimen is less useful, but a net OD of >0.30 (at a single dilu­tion of 1:200) has been used to indicate a positive specimen. A serum titer of 400 may also be considered positive. A serum titer of 200 is borderline (questionably) positive.
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To determine if a person has had a recent V. cholerae 01 infection, testing a single serum specimen by using both the vibriocidal and anti­toxin assays can provide a more secure diagnosis than testing with either assay alone. The likelihood of a rise in titer to two independent antigens of V". cholerae occurring by chance in a noninfected person is remote.
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Molecular biological techniques have found several applications in di­agnostic and public health microbiology. These techniques are generally more rapid and more specific than traditional techniques, and often offer better discrimination between strains. Molecular techniques have been important in the subtyping of Vibrio cholerae isolates and appear most useful in reference laboratories where specialized equipment and re­agents are available. These techniques have the distinct advantage of being generic, or applicable to a wide range of bacterial pathogens. Al­though most methods require qualitative measures and interpretation of data, this should change with the increased use of bioimaging equipment and computerized data analysis. Because genotypic assays have become more important in clinical microbiology, efforts are under way to stand­ardize the methods.The routine isolation and identification of V. cholerae 01 is relatively straightforward. However, genotypic techniques are useful for charac­terizing unique strains since phenotypic characteristics alone are not usually sufficient to discriminate among strains of V. cholerae 01. Since strains from the Latin American epidemic could not be subtyped using phenotypic characteristics, they were defined by multilocus enzyme analy­sis, pulsed-field gel electrophoresis, ribotype, and other molecular subtyp­ing methods. The relationships of Latin American isolates to those from the U.S. Gulf Coast and the rest of the world have also been studied.
A. Plasmid ProfilesPlasmids are extrachromosomal DNA elements that mediate various phenotypic traits and may mediate conjugation between bacterial cells. Some plasmids are autotransmissible and may stimulate the transfer of other plasmids as well. These genetic properties often result in strains that possess a complex collection of plasmids; the number and size of these plasmids can be determined by isolation of plasmid DNA and agarose gel electrophoresis. This plasmid profile may be unique to spe­cific strains of bacteria and has been useful in identifying the epidemic strain in outbreaks of diarrheal disease.Plasmid profiles were particularly useful in characterizing V. cholerae isolates of the classical biotype, which usually have plasmids of 21 and 3 megadaltons. However, El Tor biotype strains of V. cholerae 01 seldom have plasmids not associated with acquired antibiotic resistance.
B. Restriction Fragment Length PolymorphismsRestriction fragment length polymorphisms (RFLPs) are differences in the size of specific DNA restriction fragment(s) within different strains. A restriction enzyme that recognizes specific target sequences (usually 4 to 8 base pairs) within the DNA molecule cuts or digests total genomic DNA
IX. Molecular Subtyping of Vibrio cholerae  01
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into discrete lengths or fragments. Fragments are then separated by elec­trophoresis through an agarose gel. Because of the size and complexity of the bacterial genome, hundreds of different restriction fragments are usu­ally generated, making the identification of RFLPs on this basis very diffi­cult. To generate a more manageable restriction fragment pattern, the separated DNA fragments are transferred to a membrane and probed for specific genes of interest. The labeled DNA or RNA probe hybridizes only to those restriction fragment(s) that contain DNA sequences complemen­tary to the probe. [Note: Several commercially available labeling and de­tection systems and formats are now available.] The probe banding pattern that identifies the location of specific genes is also a much sim­pler pattern generally consisting of 1 to 14 bands.A variety of probes have been used for molecular typing of V. cholerae01. Genes that encode ribosomal RNA (rRNA) are present in multiple copies in the V. cholerae genome; thus, moderately complex banding pat­terns are obtained when rRNA is used as the probe. High levels of strain discrimination are often attainable with this technique, sometimes re­ferred to as “ribotyping” (Figure EX-1). Similarly, because the cholera toxin genes can be present in one or multiple copies, RFLPs based on location of cholera toxin genes are often useful in differentiating strains. Bacteriophages VcAl and VcA3 are sometimes present in the chromo­some of V. cholerae isolates; probes to these prophages have been used to identify strains.
I 2 3 4 5 6 7 8 9 10 I I 12 13 14
◄ —  2 Kb
Figure IX-1. rRNA gene restriction patterns of DNA from V. cholerae 01 restricted 
by 6g/1.
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Recently, pulsed-field gel electrophoresis, a technique that separates DNA fragments of very high molecular weight, has been developed. This technology, combined with restriction enzymes that cut DNA infrequently, results in the identification of a relatively small number of DNA restric­tion fragments. These RFLPs can be visualized and analyzed without hybridization or the use of specific probes.
C. Multilocus Enzyme AnalysisEnzymes involved in standard metabolic processes of a bacterial cell frequently exist in multiple allelic forms, called isoenzymes. The different allelic forms of an enzyme can be identified as a difference in mobility of the enzyme in a gel matrix. A crude extract containing the cellular en­zymes is electrophoresed through a starch gel, and the location of a spe­cific enzyme is determined by using a precipitating substrate or chemical to identify the enzyme; this produces a color change in the region of the gel where the enzyme is located. Each electrophoretic mobility of the en­zyme is scored as a different allelic form. When this technique is used, a strain is characterized with respect to the electrophoretic mobility of a panel of enzymes, and the allelic forms of all the enzymes are used to define the strain or enzyme type.Multilocus enzyme analysis has been used to show that the V. cholerae 01 strain associated with the epidemic in Latin America is unique and that most nontoxigenic V. cholerae 01 isolates, which have been associated only with mild, sporadic disease, are not related to toxin- producing pandemic isolates.
D. DNA SequencingThe ability to determine the sequence of nucleotides in a DNA mole­cule has become standard in many molecular biology laboratories. Re­cently, this technique has been automated and can be applied to the routine characterization of strains for diagnostic and epidemiologic pur­poses. A specific DNA sequence from a gene that exists in multiple allelic forms can be a good epidemiologic marker for that allele in an isolate. For example, some toxins, such as cholera toxin, are known to be heterogene­ous; different strains produce different antigenic forms of the toxin. That heterogeneity is reflected in the DNA sequence of the genes encoding the toxins. The different forms of the toxin can be identified by determining the DNA sequence of the gene encoding the toxin. The differences in ctxA sequence indicate that the Latin American strains are like the seventh pandemic strains from other parts of the world and that the Gulf Coast strains are like classical biotype strains.
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X. Antisera for Serologic Typing of Vibrio cholerae 01
A. General ConsiderationsSerologic typing of isolates within the species Vibrio cholerae is based on detection of heat-stable O somatic lipopolysaccharide antigens by slide (or tube) agglutination tests. More than 130 serogroups based on O anti­gens have been identified within this species, but only organisms possess­ing O group 1 antigens (“01” strains) and producing cholera toxin have been associated with epidemic cholera. Flagellar (or “H”) antigens are broadly shared across O serogroups and have not been useful in serotyp- ing V. cholerae.
V. cholerae Ol strains are known to contain three discernible anti­genic components, designated by the letters A, B, and C. Antigen A is the common 01-specific antigen. Isolates lacking A belong to serogroups other than 01. Within serogroup 01 are two serotypes: Ogawa (contain­ing antigens AB) and Inaba (containing antigens AC). A third described serotype, designated as Hikojima, is said to possess antigens ABC. How­ever, this type is extremely rare, usually unstable, and often attributable to reactions with inadequately absorbed test antisera.From an immunochemical and genetic point of view, the differences between Ogawa and Inaba serotypes are very small and depend on minor changes in sugar residues that make up the actual antigenic determi­nants of the lipopolysaccharide antigen complex. In fact, antigenic shifts of Ogawa serotypes converting to Inaba (and vice-versa) have been known to occur. It is not uncommon to observe an outbreak that begins as one serotype, with isolates of the other serotype being found as the out­break spreads in the population. In the early stages of the Latin Ameri­can outbreak, only the Inaba serotype was isolated, but strains of serotype Ogawa appeared as the epidemic spread.DNA sequence and genetic analysis has shown that the rfbT gene is re­sponsible for the switch from the Ogawa to the Inaba serotype and vice versa. Ogawa strains have a functional rfbT gene; Inaba strains have un­dergone a mutation which results in a nonfunctional rfbT gene. Muta­tions from Ogawa to Inaba serotypes (and vice-versa) have been demonstrated under laboratory conditions in vivo and in vitro under selec­tive immunologic pressure, and these mutations presumably occur in pa­tients and, on a large scale, in whole populations. This has been observed in the Latin American outbreak and represents only a trivial genetic change, not the introduction of a new epidemic strain.Although identification of the serotype may have limitations as an epidemiologic tool because of antigenic shift, it is unlikely that serotyping of V. cholerae 01 will soon be abandoned. The detection of a second sero­type or a shift in the predominant serotype may be a valid reflection of an important epidmiologic event. Also, the identification of the serotype with
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monospecific (absorbed) antisera remains the serologic confirmatory test for V. cholerae isolates that agglutinate in polyvalent 01 antiserum.
B. Preparation of AntiseraSerologic typing of V. cholerae isolates is usually done by slide aggluti­nation tests. For slide agglutination, polyvalent 01 antiserum is pre­pared in rabbits immunized with heat-killed organisms, after which slide agglutination testing is done with absorbed serotype-specific anti-Ogawa and anti-Inaba sera. In addition to rabbit antisera, monoclonal antibody- based test reagents for this purpose are now available from commercial sources. Satisfactory polyvalent 01 antiserum is relatively easily pre­pared by immunizing rabbits, but serotype-specific anti-Ogawa (AB) and anti-Inaba (AC) sera are more difficult to prepare because they require extensive absorption to achieve serotype specificity, and as a result are often of low titer. Anti-Ogawa-specific serum (anti-B) must be prepared by repeatedly absorbing anti-Ogawa serum (containing anti-A and anti-B antibodies) with Inaba (AC) cells to remove cross-reacting anti-A antibod­ies. Conversely, anti-Inaba-specific serum (anti-C) is prepared by absorb­ing anti-Inaba serum (containing anti-A and anti-C) with Ogawa (AB) cells, again to remove cross-reacting anti-A antibodies. While simple in theory, preparation of these sera is difficult and often results in sera of in­sufficient titer. Individual rabbits may vary greatly in the amount of anti­body they make against the serotype-specific antigens B and C, and it may require trial and error to select the best serum to prepare these ab­sorbed reagents. Anti-Inaba-specific sera (anti-C) are usually more diffi­cult to prepare, apparently because most Ogawa antigens used for the absorption contain a small residue of active anti-C antigenic epitopes, thereby significantly lowering the desired anti-C antibody content of the absorbed reagent.Only laboratories with considerable experience in preparation of ab­sorbed antisera and the capacity to conduct extensive quality control test­ing should prepare cholera diagnostic sera. A detailed description of procedures used by CDC to prepare cholera diagnostic sera is available on request.A more satisfactory approach to the preparation of these reagents involves monoclonal antibody technology. Successful production of mono­clonal antibodies against the A, B, and C antigens has been reported by several investigators. Not only do monoclonal antibodies offer exquisite specificity, but once established, productive cell lines can be maintained in virtual perpetuity frozen in liquid nitrogen for future production needs. Commercial monoclonal antibody reagents for serogrouping and serotyp- ing of V. cholerae are available but expensive. Most often they are used as latex or staphylococcal coagglutination reagents.
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C. Quality Control of AntiseraQuality control of antisera (polyvalent serogrouping [01] and monova­lent serotyping [Inaba, Ogawa]) involves examining the agglutinating characteristics of the antisera undiluted, and in dilutions of 1:3, 1:5, and 1:10. Dilutions of the antisera should be tested with cells from live cul­tures of several (at least 5 to 6) isolates of V. cholerae 01 of both sero­types. Also, an equal number of non-01 V. cholerae isolates should be tested. There should be no reaction of the antisera with any of the non-01 organisms. Record the results of all reactions. The polyvalent antisera may be used at the highest dilution giving a 2+ to 4+ reaction against Inaba and Ogawa strains and giving negative reactions with non-Ol V. cholerae.
1) Prepare aliquots of the antiserum to be tested in sterile normal (0.85%) saline. The following dilutions should be made; 1:3, 1:5, and 1:10.2) Place a drop (about 0.05 ml) of each antiserum dilution into a marked area on a slide or plate. For each antigen used, have two con­trols, one with a drop of 0.85% saline and the other with a drop of sterile normal (nonimmune) rabbit serum (NRS).3) Prepare a densely turbid suspension of V. cholerae 01 in normal sa­line with growth aseptically harvested from an 18- to 24-hour cul­ture from heart infusion agar or other nonselective agar medium.Use this live antigen undiluted for the following test procedure.- 4) Add one drop of the antigen suspension to each of the antiserum dilu­tions and the saline and NRS controls. Mix thoroughly. Each mix­ture should form an area approximately 5 X 20 mm. Continuously rock the mixture back and forth for 1 minute.5) Read the agglutination reaction over a light box or an indirect light source with a dark background. The degree of agglutination should be read as follows:
Titer Percent agglutination4+ 1003+ 752+ 501 + 250 0
The saline and normal serum controls must be negative for agglutina­tion for the test to be valid.
113
References1. Adams LB, Henk MC, Siebeling RJ. Detection of Vibrio cholerae with mono­clonal antibodies specific for serovar 01 lipopolysaccharide. J Clin Microbiol 1988;26:1801-9.2. Gustafsson B, Holme T. Monoclonal antibodies against group- and type-spe­cific lipopolysaccharide antigens of Vibrio cholerae 0:1. J Clin Microbiol 1983;18:480-5.3. Gustafsson B. Monoclonal antibody-based enzyme-linked immunosorbent as­says for identification and serotyping of Vibrio cholerae 01. J Clin Microbiol 1984;20:1180-5.4. Sugiyama J, Gondaira F, Matsuda J, Soga M, Terada Y. New method for se­rological typing of Vibrio cholerae 1:0 using a monoclonal antibody-sensi­tized latex agglutination test. Microbiol Immunol 1987;31:387-91.
Antisera for Serological Typing ofVibrio cholerae 01
114
XI. Preparation of Media and Reagents
A. Storage of MediaA number of different media are used in cholera studies, some of which are available as dehydrated preparations from commercial sources. Commercially prepared media usually have an expiration date; however, the actual shelf-life of prepared and dehydrated media is difficult to pre­dict. The laboratory environment has a marked effect on even the most stable medium, especially if extremes of heat, cold, humidity, or dryness prevail for prolonged periods. Generally, dehydrated media remain satis­factory for longer periods than prepared media. Dry media must be kept tightly closed and stored in a cool, dry place, ideally with the temperature not exceeding 25° to 28°C. Dehydrated medium is generally considered us­able if it does not show caking, discoloration, or other signs of deteriora­tion.
B. Quality ControlEach new batch or lot of medium should be examined before routine use to ensure sterility and proper growth characteristics of control strains. Out-of-date media that are still in use should also be examined periodically. Sterility of the medium should be determined by incubating it for 18 to 24 hours at 35° to 37°C. Reference strains with known charac­teristics should be inoculated to the medium and incubated for the correct length of time. After incubation, the medium should be examined for growth (or absence of growth, if appropriate), colony characteristics, and differential characteristics unique to the medium. Written records should be kept of results.
Q uality Control o f  Selective A gar M ediaThe following is an example of a procedure that may be used for evalu­ating the quality of a large lot of selective plating media. Other methods may also be used successfully. Laboratory personnel should establish a method and should use that method to evaluate each batch or lot of me­dia. Whatever method or modification is used, it should give accurate and reproducible results and it should be used regularly with different lots or batches of media. Written records should be kept. As long as these crite­ria are met, the quality control procedures themselves may vary from laboratory to laboratory.An example of a quality control test report for thiosulfate citrate bile salts sucrose (TCBS) agar is given in Table XI-1. A broth culture of each organism was diluted and plated in duplicate on each lot of TCBS me­dium to be tested. The organisms were also plated onto heart infusion agar (HIA), a noninhibitory medium, to assess the number of colony­forming units in each dilution. Quality control records should be kept for reference.
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M edia a n d  reagents• Heart infusion agar and heart infusion broth (HIB)[Other nonselective, nondifferential media such as Trypticase soy agar or blood agar base may be substituted. If testing a selective medium for V. cholerae, do not use nutrient agar or nutrient broth since they do not contain NaCl and V. cholerae grows best on an NaCl-containing medium.]• Sterile saline (0.85%)• New lot of selective medium to be tested• Tested lot of same medium
S trains• Two or more isolates of the appropriate etiologic agent(s)[For example, when using TCBS agar, select Vibrio cholerae and V. parahaemolyticus, which are sucrose positive and negative, respectively.]• One or more isolates of anticipated competing organisms[For example, when using TCBS agar, competitors could be Escherichia coli, Proteus, Aeromonas, and V. alginolyticus.]
Method 
Day 1Obtain sterile, quality controlled HIA agar slants or plates. If plates are used, make sure the agar surface is dry before use. Streak test organ­isms onto the HIA slants or plates. Incubate overnight.
Day 2Lightly inoculate HIB with strains grown on HIA from day 1. Incubate overnight.
Day 31) Make 10-fold dilutions (10'1 through 10"7) of the overnight HIB cul­tures in saline.
2) Inoculate each plating medium to be tested with 0.1 ml of tube dilu­tions. Perform this on duplicate plates. Spread the inoculum on the plates with a sterile glass spreading rod until it is completely ab­sorbed into the medium. Incubate plates under conditions appropri­ate for each medium.
Day 41) Record the plate counts. Calculate the colony-forming units.
2) Measure the diameter of 3 to 5 colonies per plate, and calculate the average colony diameter for each medium.
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Table XI-1. Example of quality control test report for TCBS agar__________________________
T C B S  B rand A  T C B S  B rand B H IA  L O T  7 9 0 2 7 8
O rg anism T u b e  dil 1 2 1 2 1 2
V. cholerae 01 10-5 53 67 67 47 211 198
Inaba - strain #1 10-6 3 2 10 8 31 26
10-7 2 1 . 0 0 3 4
V. cholerae 01 10-5 424 368 TN TC TN TC T N TC TN TC
Ogawa - strain #2 10-6 59 53 89 115 85 114
10-7 4 4 7 4 22 22
V. cholerae 01 10-5 47 30 232 256 TN TC T N TC
Ogawa - strain #3 10-6 3 7 32 30 74 65
10-7 1 0 1 0 6 8
V. para - 10-5 79 83 116 104 244 284
haemolyticus 10-6 14 16 11 10 38 32
10-7 1 1 1 0 3 4
V. alginolyticus UN DIL T N TC TN TC TN TC TN TC
10-1 TN TC TN TC TN TC TN TC
10-2 TN TC TN TC TN TC TN TC
10-3 60 70 138 124
10-4 10 13 11 17 TN TC TN TC
10-5 1 0 1 1 89 63
10-6 1 0 0 0 3 6
10-7 0 0 0 0 1 0
P. mirabilis UNDIL TN TC TN TC 0 0
10-1 40 48 0 0
10-2 1 2 0 0
10-3 0 0 0 0
10-4 0 0 0 0
10-5 0 0 0 0 TN TC T N TC
10-6 0 0 0 0 146 136
10-7 0 0 0 0 17 14
A. hydrophila UNDIL 0 0 0 0
10-1 0 0 0 0
10-2 0 0 0 0
10-3 0 0 0 0
10-4 0 0 0 0
10-5 0 0 0 0 TN TC T N TC
10-6 0 0 0 0 79 53
10-7 0 0 0 0 4 4
E. coti UNDIL 0 0 0 0
10-1 0 0 0 0
10-2 0 0 0 0
10-3 0 0 0 0
10-4 0 0 0 0 T N TC TN TC
10-5 0 0 0 0 184 156
10-6 0 0 0 0 36 41
10-7 0 0 0 0 4 0
Note: Tube dil = tube dilution; TNTC = too numerous to count; UNOIL = undiluted.
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3) Record the results and determine the quality of the medium tested compared with results with previously examined acceptable lots of the same medium.
C. M edia Form ulas
AKI m edium for in vitro production of cholera toxinNaCl 0.5 gNaHCOs 0.3 gYeast extract 0.4 gBacto-peptone 1.5 gDistilled water 100.0 mlPreparation: Dissolve the ingredients except NaHCC>3 in a half vol­ume of distilled water, and autoclave. NaHC03 (0.6%) should be steril­ized by filtration. Gently mix equal volumes (5 ml each) of both sterilizedingredients in a test tube.
Alkaline peptone water (APW)[Note: There are several different published formulations for thismedium.]Peptone 10.0 gNaCl 10.0 gDistilled water 1000.0 mlPreparation: Add ingredients to the water and adjust to pH 8.5 with 3N NaOH solution. Distribute and autoclave at 121°C for 15 minutes. Store the APW in bottles or test tubes with tightly closed caps to preventa drop in pH or evaporation.
Arginine glucose slant[Note: Formula from Bacterial Analytical Manual, U.S. Food andDrug Administration.]Peptone 5.0 gYeast extract 3.0 gTryptone 10.0 gNaCl 20.0 gGlucose 1.0 gL-arginine-(hydrochloride) 5.0 gFerric ammonium citrate 0.5 gSodium thiosulfate 0.3 gBromcresol purple 0.03 gAgar 13.5 gDistilled water 1000.0 ml
Preparation: Suspend ingredients in distilled water, boil to dissolve, and dispense in 5-ml amounts to 13 x 100-mm tubes. Final pH should be 6.8 to 7.0. Autoclave 10 to 12 minutes at 121°C. After sterilization, in­cline tubes to solidify as slants.
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Procedure: Inoculate individual colonies by stabbing the butt and streaking the slant of the agar surface. Incubate for 18 to 24 hours at 35° to 37°C with caps or stoppers loose. Organisms that produce arginine di­hydrolase cause an alkaline reaction (purple color) throughout the me­dium. Organisms without this enzyme typically produce an alkaline slant (purple) and an acid butt (yellow). Read tube as with Kligler’s iron agar or triple sugar iron agar, noting the reactions in the butt and on the slant, as well as gas and H2S formation. V. cholerae gives a K/A reaction (arginine negative) in this medium, with no gas or H2S.
Blood agarBlood agar may be prepared by using a dehydrated basal medium, such as blood agar base or Trypticase soy agar, to which 5% sterile defibri- nated sheep blood is added after autoclaving and cooling to 50°C. Do not use human blood, as it may contain antimicrobial agents, traces of other pharmaceutical agents, antibodies, other immune factors, or bloodbome pathogens. Mix well after adding blood, and pour 15- to 20-ml volumes into petri dishes. Allow surfaces of plates to dry before inoculation.
Carbohydrate test brothPeptone 10.0 gNaCl 5.0 gDistilled water 1000.0 mlAndrade’s indicator (see below) 10.0 mlCarbohydrate to be tested 10.0 g
P reparation: Mix ingredients with gentle heating. Adjust the pH to 7.4 to 7.5. Dispense in 3- to 5-ml amounts in tubes. Sterilize by autoclav­ing. A positive reaction (fermentation of the carbohydrate) is recorded when the indicator changes from amber to pink.A n d ra d e’s indicator:Acid fuchsin 0.5 gNaOH, 1 N 16.0 mlDistilled water 100.0 mlDissolve the acid fuchsin in the distilled water and add the sodium hy­droxide. The fuchsin should be slightly orange after sitting overnight. If it is not, add an additional small amount of NaOH (up to 1 ml) to decolorize.
Cary-Blair transport mediumSodium thioglycolate 1.5 gNa2HP04 1.1 gNaCl 5.0 gAgar 5.0 gDistilled water 991.0 ml
Preparation: Dissolve the ingredients in the water while heating in a boiling water bath until the solution is clear (do not allow to boil). Cool to 50°C, add 9 ml of freshly prepared 1% calcium chloride solution, and
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adjust to pH 8.4 with 10 N NaOH. Dispense 5- to 7-ml amounts into ster­ile 13 X 100-mm screw cap tubes (caps loosened). Sterilize by steaming (do not autoclave) at 100°C in a boiling water bath for 15 minutes. Tighten the caps after sterilization. Cary-Blair is quite stable if stored in a cool, dark place and not allowed to dry out. It may be used as long as there is no loss of volume, contamination, or color change.Note: dehydrated Caiy-Blair medium is available commercially.
Craig’s medium for cholera toxin productionCasamino acids 30.0 gYeast extract 4.0 gK2HPO4 0.5 gDistilled water 1000.0 ml
Preparation: Dissolve casamino acids, yeast extract, and K2HPO4 in distilled water. Final pH should be adjusted to 7.0 with 3 M NaOH. After autoclaving, add filter-sterilized glucose (10 ml/liter of a 20% solution) to achieve a final glucose concentration of 0.2%. Dispense 5 ml into sterile 16 x 125-mm screw cap tubes or 10 ml into sterile 50-ml screw cap flasks. Refrigerate until ready to use.
Decarboxylase/dihydrolase broths, (Moeller formulation)NaCl 10.0 gPeptone 5.0 gBeef extract 5.0 gBromcresol purple 0.10 gCresol red 0.005 gGlucose 0.5 gPyridoxal 0.005 gDistilled water 1000.0 ml
Preparation: Mix ingredients with gentle heating until dissolved. Ad­just pH to 6.0. Aliquot into four flasks. Add one of the following to one of the flasks: 1% L-arginine monohydrochloride, L-lysine dihydrochloride, or L-omithine dihydrochloride (if pure L-form amino acids are not available, 2% DL amino acids may be used). Reserve one portion for use as a control with no amino acids added. Readjust the pH of the ornithine portion to 6.0. Dispense in 3- to 4-ml amounts in screw cap test tubes and autoclave for 10 minutes at 121°C.
Procedure: Inoculate test and control tubes with a light inoculum from a young culture. Cover with 4 to 5 mm of sterile mineral oil. Incu­bate at 35° to 37°C and read at 24 and 48 hours or for up to 7 days if nega­tive. Positive reactions are indicated by an alkaline (purple) reaction (pH 6.2 or above) when accompanied with an acid (yellow) reaction in the con­trol tube. It is normal for the medium to first turn yellow because of fer­mentation of the glucose. However, if the color remains yellow, the reaction is negative.
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Gelatin agar (0% and 1% NaCl)Peptone Yeast extract NaCl Gelatin AgarDistilled water
4.0 g1.0 g0 or 10.0 g15.0 g15.0 g 1000.0 ml
Preparation: For salt-free gelatin do not add any NaCl; otherwise add 10 grams of NaCl per liter. Dissolve ingredients with heating and bring to a boil with constant stirring. Adjust pH to 7.2 to 7.4. Autoclave at 121°C for 15 minutes. Cool to 50°C. Pour into petri dishes and allow to solidify.
Q uality control: Gelatin agar prepared with 0% and 1% NaCl is recommended for use as a screening medium to differentiate V. cholerae from halophilic organisms (see Chapter V, “Examination of Food and En­vironmental Specimens”). When gelatin agar is used for this purpose the peptone used in the medium must be chosen carefully. Different peptones contain varying amounts of NaCl, which may affect the growth of organ­isms sensitive to NaCl concentration. Each peptone source must be qual­ity controlled using a standard strain of V. cholerae and a halophilic organism.
Meat extract agar (MEA; also called alkaline nutrient agar)Peptone 10.0 gNaCl 10.0 gMeat extract (concentrated) 3.0 gAgar 20.0 gDistilled water 1000.0 ml
Preparation: Add ingredients to the water and heat to boiling while stirring to melt the agar. Adjust the pH to 8.4. Autoclave at 121°C for 15 minutes. Pour plates aseptically (20 ml per plate). Allow to cool slowly and store in inverted position under refrigeration (4°C).
Polyvinylpyrrolidone (PVP) medium for lyophilizationPolyvinylpyrrolidone 5.0 gSucrose 5.0 gSodium glutamate 1.0 gDistilled water 100.0 ml
Preparation: Dissolve the above ingredients in 90 ml of water and ad­just the pH to 7.4 with NaOH. Bring volume up to 100 ml with water. Sterilize by filtration or autoclave 15 minutes.
Salt test brothNutrient broth (Difco Laboratories) 8.0 g Distilled water 1000.0 ml
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Preparation: Combine ingredients with mixing and gentle heating. Adjust the pH to 7.4 to 7.5. Divide into equal portions, the number of por­tions depending on the number of different NaCl concentrations to be pre­pared. Do not add salt to one portion (0% NaCl); to the other portions add salt to equal the percentage desired. Dispense in screw cap test tubes and sterilize by autoclaving at 121°C for 10 minutes.
Q uality  control: V. cliolerae will grow in nutrient broth (Difco Labo­ratories, Detroit, Mich.) with no added salt, but halophilic organisms will grow only in nutrient broth to which 1% NaCl has been added (see Chap­ters IV and VI). These reactions are based on using Bacto nutrient broth (Difco Laboratories), and any other basal medium must be thoroughly evaluated before use in this test. Different peptones contain varying amounts of NaCl, which may affect the growth of organisms sensitive to NaCl concentration. Each peptone source or basal medium must be qual­ity controlled using a standard strain of V. cliolerae and a halophilic organism.
Skim milk freezing mediumAdd 20 g powdered skim milk to 100 ml distilled water; dissolve, auto­clave at 116°C for 20 minutes. Avoid overheating, because it will caramel­ize the milk.
Taurocholate tellurite gelatin agar (TTGA, or Mansur’s medium)Trypticase 10.0 gNaCl 10.0 gSodium taurocholate 5.0 gNaHC03 1.0 gGelatin 30.0 gAgar 15.0 gDistilled water 1000.0 mlPotassium tellurite (1%) (see below for titration procedure)
Preparation: Dissolve the ingredients, with heating, in the water. Adjust pH to 8.5. Sterilize at 121°C for 15 minutes. Cool to 50°C, add pre­determined amount of filter-sterilized 1% aqueous potassium tellurite so­lution (see below). Mix well and pour plates. If only a few plates are needed at a time, the media may be dispensed in measured amounts into screw cap bottles. After autoclaving, the medium can be stored refriger­ated until needed. Before use, melt and cool the medium to 50° to 55°C, add the appropriate amount of potassium tellurite, mix, and pom1 plates.
T itra tio n  o f  po ta ssium  tellurite: The optimum concentration of potassium tellurite for TTGA may vary according to the quality of each lot of potassium tellurite. Before regular use, each lot (or bottle) of potassium tellurite should be titrated to determine the proper working dilution to use in TTGA. See Table XI-2 for amounts of 1% potassium tellurite to use in preparing media for evaluation.
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On each test batch of TTGA containing the different dilutions of potas­sium tellurite, streak one or more well-characterized strains of V. chol- erae for isolated colonies . Incubate plates at 35° to 37°C for 18 to 24 hours. After incubation, examine each plate for the amount of growth, the size and color of the colonies, and the production of gelatinase. Record the results and re-incubate the plates for an additional 18 to 24 horn's, after which plates will be re-examined. Typical V. cholerae colonies will, after 18 to 24 hours, be small (1 to 2 mm) and opaque with a slight darkening of the center of the colony. Growth may or may not exhibit gelatinase ac­tivity at this time. After 36 to 48 horn's of incubation, colonies should be 2 to 4 mm in diameter, have a distinct cloudy “halo” caused by the forma­tion of gelatinase, and should be gunmetal grey in color. Most lots of po­tassium tellurite are satisfactory at a final dilution of 1:100,000 or 1:200,000.
Table XI-2. Potassium tellurite (K2TeC>3) concentration per liter
Amount of 1% potassium tellurite 
solution per liter
Final concentration of potassium tellurite 
in TTGA
0.25 ml 1:400,000
0.5 ml 1:200,000
1.0 ml 1:100,000
2.0 ml 1:50,000
4.0 ml 1:25,000
Tryptone salt broths or agars (TiNo and TiNi)[Note: Formula from Bacteriological Analytical Manual, U.S. Food and Drug Administration.]Trypticase or tryptone 10.0 gNaCl 0 or 10.0 gAgar 0 or 20.0 gDistilled water 1000.0 ml
P reparation: Add agar if solid medium is to be made, omit for broth formulation. For the salt-free TjNo, do not add any NaCl. For the 1% NaCl formulation (TiNi), add 10 g NaCl. Dissolve ingredients in distilled water. Autoclave for 15 minutes at 121°C, and dispense into appropriate containers (tubes for broth, plates or tubes for agar). If agar formulations are made, cool to 50°C before pouring.
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Q uality  control: Different peptones contain varying amounts of NaCl, which may affect the growth of organisms sensitive to NaCl concen­tration. Each peptone source must be quality controlled using a standard strain of V. cliolerae and a halophilic organism.
Voges-Proskauer broth w ith 1% NaCl for vibriosPeptone 7.0 gK2HPO4 5.0 gGlucose 5.0 gNaCl 10.0 gDistilled water 1000.0 ml
P reparation: Combine ingredients; adjust pH to 6.9. Dispense in 2- ml volumes in screw cap test tubes. Sterilize by autoclaving at 121°C for 10 minutes.
VP reagents A  + B:
VP reagent AAbsolute ethanol 100.0 mlAlpha-naphthol 5.0 g
VP reagent BPotassium hydroxide (KOH) 40.0 gCreatine 0.3 gDistilled water to a volume of 100.0 mlSeparately prepare VP reagents A and B, stirring ingredients well to ensure complete mixing.Procedure: After 48 hours of incubation of the test culture in MR-VP broth, add approximately 0.6 ml of MR-VP reagent A and 0.2 ml of MR- VP reagent B. Cap the tube, shake well, and let stand for up to 5 min­utes. The production of a dark pink to cherry red color within 5 minutes is a positive test. No color development or yellow to orange color develop­ment within this time is a negative test.
D. Preparation of Reagents
Carbonate buffer, pH 9.6 (coating buffer for anti-CT ELISA)Na2C03 1.59 gNaHC03 2.93 gNaN3 0.2 gBring volume to 1 liter with distilled water. Store at 4°C for up to 2 weeks.
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Diethanolam ine buffer (10%) for alkaline phosphatase  substrateDiethanolamine 97.0 mlSodium azide (NaN3) 0.2 gMgCl2«6H20  100.0 mgDistilled water 800.0 ml
Preparation  o f diethanolam ine buffer: Adjust the pH to 9.8 with 1 M HC1, and adjust volume to 1.0 liter. Store buffer in the dark at 4°C.
Safety note: In addition to being highly toxic, sodium azide combines with the salts of metals commonly used in plumbing (copper and lead) to form highly explosive shock-sensitive compounds. If azide-containing ma­terials are regularly discarded in drains or sewers, metallic pipes must be periodically treated to remove the buildup of these compounds.
P reparation  o f a lka lin e phosphatase substrate: Remove an ali­quot of the diethanolamine buffer (described above) and warm to room temperature before use. Dissolve 1 phosphatase substrate tablet (p-ni- trophenyl phosphate, disodium, 5 mg tablet; Sigma Chemical Co., St.Louis, Mo.) in 5 ml diethanolamine buffer.
McFarland turbidity standardsPrepare a 1.75% solution (wt/vol) of barium chloride dihydrate ([BaCl2*2H20]; if using anhydrous barium chloride [BaCl2], prepare a 1% aqueous solution). Prepare a 1% (by volume) solution of chemically pure sulfuric acid and mix the two solutions according to the volumes given in Table XI-3. Seal the tubes with wax or parafilm or by some other means to prevent evaporation. Refrigerate or store at room temperature in the dark for up to 6 months. Discard after 6 months or sooner if any volume is lost. Before each use, shake well, mixing the fine white precipi­tate of barium sulfate in the tube. The turbidity of a well-mixed tube will approximate the turbidity of the corresponding bacterial suspensions given in Table XI-3.
Oxidase reagentTetramethyl-p-phenylenediamine 1.0 g Distilled water 100.0 ml
Preparation: Dissolve the reagent in distilled water (do not heat to dissolve). Alternatively, a 1% solution of dimethyl-p-phenylenediamine may also be used for the oxidase test. The reagent should be colorless when prepared and should be refrigerated in a glass-stoppered bottle, pro­tected from light. To protect from light, the reagent may be stored in dark brown bottles, or if a clear glass bottle is used, it should be wrapped in aluminum foil or dark paper. Alternatively, the reagent may be dispensed in small amounts (2-5 ml) in screw cap vials and frozen until needed. Vi­als should not be refrozen after being thawed. With time, the reagent will
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Table XI-3. Composition and corresponding bacterial concentrations 
of McFarland turbidity standards
Contents (ml)
Tube no. Barium chloride (1.75%) Sulfuric acid (1%)
0.5 0.5 99.5
1 0.1 9.9
2 0.2 9.8
3 0.3 9.7
4 0.4 9.6
5 0.5 9.5
6 0.6 9.4
7 0.7 9.3
8 0.8 9.2
9 0.9 9.1
10 1.0 9.0
slowly oxidize and turn blue. A blue tint to the reagent is acceptable; how­ever, when the reagent alone gives a blue color on filter paper, it must be discarded.
Phosphate-buffered saline (PBS), 0.01 M, pH 7.2 Concentrated stock solution (50x):Na2HP04, anhydrous 54.8 gNaH2P04«H20  15.75 gDistilled water to final volume of 1000.0 ml
Working (diluted) solution:Stock solution (50x, above) 20.0 mlNaCl 8.5 gDistilled water to a final volume of 1000.0 ml (Final pH should be 7.2 to 7.3.)For PBS-Tween, add 0.5 ml Tween 20 to 1000 ml of PBS.
Sodium deoxycholate reagent (0.5%) for string testSodium deoxycholate 0.5 gSterile distilled water 100.0 ml
Preparation: Add sterile distilled water to sodium deoxycholate and mix well. Store at room temperature.
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A. Storage of IsolatesPure growth of Vibrio cholerae will usually remain viable for several days on solid medium held at room temperature (22° to 25°C) unless the medium dries out or becomes acidic. However, if cultures are to be main­tained for longer than a few days, they should be appropriately prepared for storage (Figure XII-1). Selection of a storage method depends on the length of time the organisms are to be held and the laboratory equipment and facilities available.
1. Short-term storageVibrios should never be stored on a carbohydrate-containing medium, because acidic byproducts of metabolism quickly reduce viability. Blood agar base (BAB), Trypticase soy agar (TSA), T1N1 , and heart infusion agar (HIA) are good storage media for vibrios. Nutrient agar should not be used since it has no added salt and V. cholerae does not grow as well as on a NaCl-contaminated medium such as BAB, TSA, or HIA. Prepare storage medium and dispense in 3- to 4-ml amounts in small tubes (ap­proximately 13 X 100 mm) and sterilize at 121°C for 15 minutes. While the tubes are still hot, place them in a slanted position to provide a short slant and deep butt.To inoculate, stab the inoculating needle to the butt of the medium once or twice, then streak the slant. Incubate overnight at 35° to 37°C.
Figure XII-1. Various methods of storage of isolates (left to right): a cryovial, stock 
slant with mineral oil, agar deep with paraffin cork, and a lyophil.
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Seal the tube with cork stoppers that have been soaked in hot paraffin or treated in some other way to provide a tight seal. Store cultures at room temperature (about 22°C) in the dark. Sterile mineral oil may also be used to prevent drying of slants. Sterilize mineral oil in a hot air oven at 170°C for 1 hour. Add sufficient sterile mineral oil to cover the slants to 1 cm above the top of the agar. Subculture when needed by scraping growth from the slant. Strains maintained in pure culture in this manner will usually survive for several years.
2. Long-term storageBacterial cultures may be stored frozen or lyophilized in a variety of suspending media formulated for that purpose. There are many formula­tions of suspending medium, but, in general, skim milk, serum-based me­dia, or polyvinylpyrrolidone (PVP) medium is used for lyophilization, and skim milk, blood, or a rich buffered broth such as Trypticase soy broth with 15% to 20% reagent grade glycerol is used for freezing.
Frozen storage m ethod (u ltra low  freezer, -70°C; or liq u id  nitrogen  freezer, -196°C)Vibrios may be stored indefinitely if they are maintained frozen at -70°C or below.1) Inoculate a TSA or HIA slant (or other noninhibitory, salt-contain­ing growth medium) and incubate overnight at 35° to 37°C.2) Harvest cells from the slant and make a suspension in freezing medium.3) Dispense suspension into cryovials (freezing vials specially designed for use at very low temperatures). Caution: Do not use glass am­poules for freezing in liquid nitrogen because they can explode upon removal from freezer.4) Rapidly freeze the suspension by placing the sealed vials in an alcohol-dry ice (frozen CO2) bath until frozen. Transfer the frozen vials to a freezer.
Recovery o f  cultures from frozen storage1) Place frozen cultures from the freezer on dry ice or into an alcohol- dry ice bath and transfer to a laboratory safety cabinet or to a clean area if a cabinet is not available.2) Using a sterile loop, scrape the topmost portion of the culture and transfer to growth medium, being careful not to contaminate the top or inside of the vial.3) Reclose vial before the contents completely thaw, and return vial to the freezer. With careful technique, transfers can be successfully made from the same vial several times.
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LyophilizationVibrios may be successfully stored after lyophilization (freeze­drying). Freeze-drying involves the removal of water from frozen bacterial suspensions by sublimation under reduced pressure. Freeze-dried cultures of vibrios are best maintained at 4°C.
B. Transport and Shipment of Cultures and Specimens
1. Regulating organizationsThe United Nations Committee of Experts on the Transport of Danger­ous Goods develops recommended procedures for the safe transport of dangerous goods. The International Civil Aviation Organization (ICAO) has used these recommendations as the basis for developing regulations for the safe transportation of dangerous goods by air. The regulations of the International Air Transport Association (LATA) contain all the re­quirements of the ICAO Technical Instructions for the Safe Transport of Dangerous Goods. However, IATA has included additional requirements that are more restrictive than those of ICAO. Member airlines of the IATA have adopted the use of the IATA regulations governing dangerous goods, and shippers must comply with these regulations in addition to any applicable regulations of the state of origin, transit, or destination.The shipment of infectious agents or diagnostic specimens by air must comply with local, national, and international regulations. International air transport regulations may be found in the ICAO publication entitled, “Dangerous Goods Regulations.” This reference is published annually in January. The regulations may change from year to year. Obtain a copy of the IATA regulations in English, Spanish, French, or German from one of the regional offices listed below.Orders from North, Central and South America, Asia, Australia and the Pacific:Publications Assistant Inti. Air Transport Assn. 2000 Peel Street Montreal, Quebec Canada H3A 2R4
Telephone: (514) 844-6311 FAX: (514) 844-5286 Telex: 05-267627 Cable: IATA MONTREAL Teletype: YULTPXB
Orders from Europe, Africa, and the Middle East:Publications Assistant Inti. Air Transport Assn. IATA Centre Route de FAeroport 33P.O. Box 672CH-1215 Geneva 15 Airport Switzerland
Telephone: (22) 799.25.25 FAX: (22) 798.35.53 Telex: 415586 Cable: IATA GENEVA Teletype: GVATPXB
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2. Guidelines for packaging and labeling infectious substancesThe following guidelines for packaging infectious substances are taken from the 1992 IATA publication “Dangerous Goods Regulations.” They are presented as an example of acceptable packaging procedures for infec­tious materials. However, they may not reflect current national, state, or IATA requirements for packaging and labeling for infectious substances. For current information on packaging and labeling requirements, consult the appropriate national and state regulations and the current-year IATA publication entitled “Dangerous Goods Regulations.”Persons who ship infectious agents or diagnostic specimens must com­ply with all local and international regulations pertaining to the packag­ing and handling of these items. They must ensure that specimens arrive at their destination in good condition and that they present no hazard to persons or animals during shipment.
P ackaging gu idelines for etiologic agentsThe inner packaging must include• An inner watertight primary container• A watertight, impact-resistant secondary container
Figure XII-2. Packaging requirements for shipment of etiologic agents.
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• Absorbent material between the primary container and the secondary container. If multiple primary containers are placed in a single secondary packaging, they must be wrapped individually to ensure that contact between them is prevented. The absorbing material, such as cotton wool, must be sufficient to absorb the entire contents of all primary containers.
The outer packaging must be of sufficient strength to adequately pro­tect and contain the contents. The outer container must be at least 100 mm (4 inches) in its smallest overall external dimension. An itemized list of contents must be enclosed between the secondary packaging and the outer packaging. Packages must be durably and legibly marked on the outside of the package with the address and telephone number of the con­signee. A biohazard warning label must be affixed to the outside of the outer container, and must bear the inscription, “Infectious substance. In case of damage or leakage immediately notify public health authority.” Figure XII-2 illustrates these packaging recommendations.
References1. World Health Organization. Manual for Laboratory Investigations of Acute Enteric Infections. Geneva: World Health Organization, 1987; publication no. WHO/CDD/83.3 rev 1.2. International Air Transport Association. Annual Publication. “Dangerous Goods Regulations.” IATA Publications Office, Montreal, Quebec, Canada.
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Microbiology laboratories pose special risks to persons working in or near them. Laboratory workers must take proper precautions to mini­mize the risks to themselves and others. Most laboratory-acquired infec­tions can be attributed to one or more of the following common hazardous procedures:
1) Procedures that produce aerosols and constitute inhalation risks. For example, streaking agar plates, pipetting, centrifugation, homogenization, flaming loops, opening cultures;2) Procedures that may allow ingestion, such as mouth pipetting or handling specimens, smears and cultures;3) Procedures that may allow inoculation through the skin with equip­ment such as hypodermic needles or Pasteur pipettes, or with broken glassware;4) Procedures that involve direct contact with infectious materials or infected animals.
Every laboratory should adopt a code of biosafety principles and safe work practices. This code must be supported by management and en­forced by the laboratory director. It must be strictly adhered to by visitors and workers.A safety or operations manual should be prepared and should identify known and potential hazards and specify practices and procedures to minimize or eliminate such risks. Personnel should be advised of special hazards and be required to read and follow standard practices and proce­dures. The following are basic biosafety practices that should be univer­sally applied in microbiology laboratories and should be part of the laboratory biosafety procedures:
1) No mouth pipetting2) No eating, drinking, smoking, storing food, and applying cosmetics in the laboratory work area3) Keep the laboratory neat, clean, and free of unnecessary materials4) Decontaminate work surfaces at least once a day and after each spill of viable or potentially infectious material5) Wash hands with soap and water after handling infectious materi­als and animals and when leaving the laboratory6) Minimize the creation of aerosols during laboratory procedures; con­duct procedures that may cause a potentially infectious or hazard­ous aerosol in a biosafety cabinet or a chemical fume hood with appropriate filters
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7) Decontaminate contaminated liquid or solid wastes before disposing or otherwise handling8) Wear laboratory coats, gowns, or uniforms in the laboratory, but not in public areas9) Always wear safety glasses, face shields, gloves, or other protective devices when appropriate10) Only persons who have been advised of the potential hazard and meet specific immunization and other entry requirements should be allowed to enter the laboratory11) Keep doors closed when work is in progress and control access to the laboratory12) Do not admit to the laboratory persons at increased risk for infec­tion or for whom infection may be unusually hazardous, such as chil­dren, pregnant women, and immunocompromised individuals13) Restrict the use of hypodermic needles and syringes to parenteral injection and aspiration of fluids from laboratory animals and dia­phragm vaccine bottles. Other restricted uses may be permitted if approved by the laboratory director. Do not recap needles and syr­inges before disposal in a container designed for sharps disposal. Do not substitute hypodermic needles and syringes for automatic pipet­ting devices in manipulating infectious fluids14) Report spills, accidents, and overt or potential exposures to infec­tious materials to the laboratory supervisor immediately15) When handling human sera, follow procedures for prevention of laboratory infections from bloodborne pathogens
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